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FOREWORD 


This  project  was  performed  under  the  oversight  of  The  Applied  Research  Laboratory 
at  The  Pennsylvania  State  University  (ARL  Penn  State)  and  National  Steel  and 
Shipbuilding  Company  (NASSCO).  This  is  project  number  N1 -95-02  sponsored  by 
the  SP-1  Environmental  Effects  panel  of  the  National  Shipbuilding  and  Research 
Program  (NSRP).  It  was  performed  under  Contract  No.  MU266244-D,  between 
National  Steel  and  Shipbuilding  Company  and  The  Pennsylvania  State  University. 

Management  of  this  project  was  conducted  by  the  ARL  Penn  State  Manufacturing 
Science  Department  under  the  guidance  of  Janice  M.  Schneider,  Deputy  Manager  of 
Environmental  Programs  at  ARL  Penn  State.  Program  development  was  performed 
by  Dr.  William  D.  Burgos,  Assistant  Professor  of  Civil  and  Environmental  Engineering, 
by  Dr.  Gour-Tsyh  (George)  Yeh,  Professor  of  Civil  Engineering,  and  by  Dr.  Frederick 
Williams,  Associate  Professor  of  Biology,  at  The  Pennsylvania  State  University,  and  by 
Mr.  Jason  Goodman  and  Mr.  Brice  Toth,  Research  Assistants  at  The  Applied 
Research  Laboratory. 

Mr.  Ron  Miller,  Environmental  Engineer  for  NASSCO,  served  as  a  partner  on  this 
project,  providing  valuable  input  on  shipyard  practices,  needs,  requirements  and 
viewpoints. 
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EXECUTIVE  SUMMARY 


A  unique  software  application  has  been  developed  which  combines  a  set  of  three 
modeling  programs  under  one  user  interface  to  allow  shipyard  environmental 
managers  to  perform  technical  environmental  modeling  and  risk  evaluation  in 
preparation  for  NPDES  discussions  with  their  regulators.  This  suite  of  programs  1.) 
takes  simple  shipyard  data  such  as  slopes,  areas,  copper  concentrations,  sediment 
load  and  rainfall  data,  and  2.)  calculates  the  dispersion  of  the  copper  throughout  a 
body  of  water  and  its  sediment,  and  then  3.)  estimates  the  risk  involved  to  specified 
aquatic  organisms  from  the  predicted  pollutant  levels. 

The  models,  as  packaged  herein,  were  developed  using  NASSCO  shipyard  as  the  test 
or  base  shipyard.  Thus,  the  bay  modeled  is  the  San  Diego  Bay  and  the  discharge 
source  is  NASSCO’s  location  on  the  bay.  In  addition,  copper  is  the  only  pollutant 
considered  in  the  model;  it  was  selected  as  being  one  of  the  most  toxic  and  difficult 
contaminants  to  control.  Using  the  current  version  of  the  application,  anyfacility  located 
on  San  Diego  Bay  can  easily  modify  the  discharge  location  and  begin  to  use  the 
models.  Forfacilities  outside  of  San  Diego  Bay,  additional  programming  will  be  needed 
to  incorporate  the  specific  tidal  and  bathymetry  data  for  their  own  water  body  before  the 
application  can  be  used  for  their  facility.  Additional  organisms  can  be  added  to  the 
ecological  risk  evaluation  at  anytime,  provded  that  copper  toxicology  data  is  available 
forthe  organism. 

A  survey  of  regulatory  agencies  indicated  that  slightly  over  half  of  the  23  survey 
respondents  would  allow  an  industry  to  renegotiate  its  NPDES  permit  limits  based 
upon  an  ecological  risk  assessment  of  the  facility’s  discharge,  although  not  all  are 
currently  doing  so.  Some  respondents  thought  it  would  be  2-10  years  before  they  are 
ready  to  do  so.  One  regulator  said  that  ecological  risk  assessment  will  never  be  used 
by  their  agency  for  NPDES  permitting. 

As  the  regulatory  environment  evolves,  the  3-component  modeling  application  herein 
can  provide  a  forward-looking  standardized  approach  for  shipyards  to  use  in 
complying  with  the  Clean  Water  Act’s  NPDES  discharge  limitations  and  it  can 
eliminate  a  significant  portion  of  the  cost  associated  with  separate  compliance 
program  development  by  each  shipyard  and  repair  facility.  If  all  shipyards  adapt  this 
modeling  package  to  their  own  shipyard  environments  it  would  allow  the  shipyard 
industry  to  present  a  uniform  approach  to  the  regulatory  agencies  and  to  have  more 
control  over  the  permit  limitation  outcome.  NPDES  limits  will  be  based  on  realistic 
site-specific  ecological  impacts,  resulting  in  favorable  and  scientifically  defensible 
outcomes. 
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1.0  INTRODUCTION 


A  Shipyard  Program  for  NPDES  Compliance,  N 1-95-02,  was  funded  by  NSRP  Panel 
SP-1  because  shipyard  pollutant  discharges  are  regulated  under  the  National 
Pollution  Discharge  Elimination  System  (NPDES),  and  because  the  burden  to 
demonstrate  that  these  discharges  pose  little  risk  to  local  ecosystems  is  increasingly 
the  responsibility  of  the  shipyard. 

This  project  was  comprised  of  three  distinct,  but  interrelated,  tasks  resulting  in  data, 
procedures,  models  and  guidelines  that  will  help  all  shipyards  to  determine  their  site- 
specific  sources  of  pollution  and  the  effects  on  their  own  local  ecosystem.  Armed  with 
this  information,  the  shipyard  environmental  managers  can  be  better  prepared  to 
meet  with  regulators  to  discuss  reasonable  discharge  limits  based  on  a  scientifically 
sound,  standardized  approach  to  ecological  risk  assessment. 

This  modeling  package  provides  a  forward  looking  standardized  approach  for 
shipyards  to  use  in  complying  with  the  Clean  Water  Act’s  NPDES  discharge 
limitations.  Although  there  will  be  costs  involved  to  adapt  these  models  for  use  in 
other  shipyards  and  water  bodies,  the  utilization  of  these  models  will  eliminate  a 
significant  portion  of  the  cost  associated  with  developing  separate  and  possibly 
different  programs  by  each  shipyard  and  repair  facility.  In  addition,  use  of  this 
package  by  all  shipyards  would  present  a  unified  approach  to  the  regulatory  agencies, 
allowing  the  shipyard  industry  more  control  over  their  permit  limitation  incomes. 
Limitations  could  be  based  on  realistic  site-specific  ecological  impacts,  resulting  in 
more  favorable  and  scientifically  defensible  outcomes. 
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2.0  PROJECT  OVERVIEW 


The  goal  of  this  project  was  to  develop  a  tool  to  assist  the  shipbuilding  and  repair 
industry  with  NPDES  permitting  and  compliance,  standard  setting  and  risk 
management.  To  that  end,  a  variety  of  tasks  were  undertaken. 

•  A  survey  of  EPA  regulators  on  NPDES  permitting  was  conducted  to  gather 
information  on  current  permitting  practices  and  attitudes  at  the  various  regulatory 
agencies. 

•  A  survey  of  shipyards  was  conducted  to  determine  the  types  of  requirements  that 
are  in  current  NPDES  permits  and  any  modeling  or  prediction  programs  they  are 
currently  using. 

•  Two  computer  modeling  programs  were  written  or  adapted  from  existing 
programs  to  simulate  water  flows  and  contaminant  transport  due  to  shipyard 
activities: 

-  shipyard  pollutants  into  the  bay,  and 

-  dispersion  of  shipyard  pollutants  throughout  the  bay. 

•  A  computer  modeling  program  was  developed  to  compute  ecological  risk  to  bay 
organisms  from  the  site-specific  shipyard  pollutant  concentrations. 

•  A  user-friendly  interface  was  developed  to  link  the  three  modeling  programs  and  to 
make  data  and  file  manipulation  easier  and  more  accurate  for  the  user. 

The  results  of  this  project  are  presented  in  this  report.  The  complete  set  of  computer 
modeling  application  is  provided  on  a  100MB  Zip  disk.  All  documentation  for  the 
models,  user’s  manuals,  and  an  electronic  copy  of  this  report  are  provided  on  a 
second  100MB  Zip  disk. 
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3.0  SURVEYS 


3.1  REGULATORY  SURVEY 

The  Shipbuilding  and  Repair  Industry  (SIC  code  3731)  lacks  national  effluent 
standards,  and  NPDES  permits  for  shipyards  are  developed  differently  in  each  state 
depending  upon  federal  or  state  legal  requirements  and  site-specific  environmental 
conditions.  Because  the  extent  of  variation  in  regulatory  and  NPDES  permit 
requirements  was  not  known,  a  survey  was  developed  and  conducted  to  determine 
how  state  regulatory  agencies  and  EPA  regional  offices  establish  NPDES  permit 
conditions  for  facilities  within  this  industry. 

Survey  Objectives  -  The  objectives  of  our  regulatory  survey  were  to: 

1.  Examine  the  methods  used  by  various  regulatory  agencies  in  writing 
NPDES  permits  for  the  Shipbuilding  and  Repair  Industry  as  compared  to 
industry  in  general, 

2.  Determine  if  a  shipyard  can  negotiate  NPDES  permit  conditions  based 
upon  an  ecological  risk  assessment  of  its  discharge(s)  to  its  receiving 
water;  and, 

3.  Evaluate  future  regulatory  trends  in  writing  NPDES  permits  for  the 
Shipbuilding  and  Repair  Industry. 

Survey  Respondents  -  States  and  EPA  regions  bordering  a  major  water  body  were 
initially  contacted.  Regulatory  agencies  were  reached  by  phone  and  a  contact  person 
with  NPDES  permit  writing  responsibilities  was  identified  within  each  agency.  To 
maximize  response  rate,  the  contact  person  was  notified  when  they  would  receive  the 
survey  and  an  appointment  was  set  for  discussion  of  and  response  to  the  survey  over 
the  phone. 

Of  the  30  states  contacted,  17  were  sent  the  survey  based  on  their  having  currently 
active  shipyards  within  their  state.  Of  these  17  states,  16  responded.  Most  states  that 
have  shipyards  within  their  jurisdiction  are  delegated  authority  to  write  NPDES  permits 
under  the  CWA.  Only  EPA  Regions  1,  2,  and  6  currently  write  NPDES  permits  for 
shipyards  and  thus  participated  in  the  survey.  Two  states  (California  and  Florida) 
have  different  regional  offices  that  write  permits  for  shipyards.  These  offices  were 
contacted  directly  and  those  who  responded  to  the  survey  in  California  were  the  San 
Diego,  Los  Angeles,  and  San  Francisco  regions;  and  the  respondents  in  Florida  were 
the  Central  and  Northeast  districts.  Together,  23  federal  and  state  agencies 
responded  to  the  survey  (Table  1). 

Survey  Instrument  -  The  survey  itself  (Appendix  A)  included  an  introductory  paragraph 
explaining  the  survey,  the  types  of  questions  that  were  to  be  asked,  and  a  short 
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glossary,  to  insure  both  the  questioner  and  the  respondent  referred  to  the  same 
definitions  (Ellwood,  1997).  The  first  set  of  questions  dealt  with  how  NPDES  permit 
conditions  are  established  for  industry  in  general.  The  next  set  of  questions  focused 
on  how  NPDES  permit  conditions  are  established  specifically  for  the  Shipbuilding  and 
Repair  Industry.  The  last  set  of  questions  dealt  with  the  application  of  an  ecological 
risk  assessment  to  the  development  of  a  shipyard  NPDES  permit. 

Summary  of  Survey  Findings  -  The  majority  of  respondents  indicated  that  most 
frequently  a  combination  of  chemical-specific  water  quality  criteria,  Best  Professional 
Judgment  and  Best  Manufacturing  Practices  (BMPs)  are  used  in  writing  NPDES 
permits  for  shipyards.  Chemical-specific  Water  Quality  Criteria  (WQC)  are  used  to  set 
numerical  limits  and  are  often  derived  from  several  references,  including  state  WQC, 
and  federal  WQC  referenced  in  the  “gold  book”  (EPA,  1986).  Over  half  of  the 
respondents  indicated  that  chemical-specific  numerical  limits  were  determined  by 
calculations  of  technology-based  criteria  and  water  quality-based  criteria  and 
selecting  the  more  stringent  limit. 

Respondents  noted  that  Best  Professional  Judgment  utilizes  a  combination  of 
approaches  such  as  reliance  on  historical  industry-specific  data,  chemical  analyses 
of  the  facility’s  effluent,  WET  tests,  watershed  waste  load  allocations,  hydrodynamic 
modeling  of  the  receiving  water,  and  biological  monitoring  of  the  receiving  water 
communities. 

Respondents  stated  that  a  set  of  BMPs  would  often  be  included  in  a  NPDES  permit 
for  a  specific  shipyard  activity  or  location.  For  example,  several  BMPs  which  focus  on 
the  control  of  abrasive  blasting  materials,  paints  and  fuels,  and  on  the  segregation  of 
gate  leakage  water  from  contaminated  storm  water,  could  be  required  for  and 
associated  with  a  graving  dock’s  activities  and  discharges. 

A  major  purpose  of  this  survey  was  to  determine  if  a  commercial  or  Naval  shipyard  (or 
industry  in  general)  could  use  the  results  from  an  ecological  risk  assessment  to 
negotiate  NPDES  permit  conditions.  Obviously,  an  individual  company  will  not  have 
the  technical  and  financial  resources  of  the  EPA  and  US  Navy  to  perform  the  testing 
required  to  conduct  a  detailed  ecological  risk  assessment  one  conducted  for 
Portsmouth  Naval  Shipyard  (NRaD  and  EPA,  1994).  However,  if  the  shipyard  and  the 
regulatory  agency  collaborate  in  the  early  stages  of  the  risk  assessment,  cost- 
effective  decisions  regarding  acceptable  receptor  species,  measurement  endpoints, 
and  monitoring  strategies  could  be  made.  For  example,  if  these  two  groups  can 
agree  on  the  most  appropriate  chemical  stressors  (possibly  Cu,  Zn,  and  PAHs  for  a 
“typical”  shipyard),  then  subsequent  chemical  analyses  required  for  NPDES 
compliance  could  focus  primarily  on  these  analytes.  Also,  monitoring  requirements 
for  compliance  could  shift  from  chemical  “end-of-pipe”  measurements  to  biological 
measurement  endpoints  conducted  on  samples  collected  from  the  receiving  water. 

About  half  of  the  23  survey  respondents  said  they  would  allow  an  industry  to 
renegotiate  its  NPDES  permit  limits  based  upon  an  ecological  risk  assessment  of  the 
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facility’s  discharge.  When  respondents  were  asked  specifically  when  ecological  risk 
assessment  will  be  used  by  their  agency  for  NPDES  permitting,  nine  said  they 
currently  do  so,  four  said  within  2-5  years,  one  said  within  5-10  years,  one  said  never, 
and  the  rest  were  unsure.  Most  respondents  did  not  answer  questions  regarding 
measurement  endpoints,  but  the  few  agencies  that  did  felt  that  a  number  of  biological 
communities  should  be  monitored  and  a  “weight-of-evidence”  approach  be  followed 
(Pease,  1996).  This  lack  of  regulatory  guidance  on  acceptable  measurement 
endpoints  suggests  that  the  use  of  an  ecological  risk  assessment  for  shipyard 
NPDES  permitting  will  require  a  collaborative  effort  between  the  shipyard  and  the 
regulatory  agency. 

For  more  information,  detailed  results  of  the  survey  and  a  paper  written  and  published 
about  this  survey  and  its  findings  are  presented  in  Appendix  A. 


3.2  SHIPYARD  SURVEY 

The  text  that  follows  in  this  section  was  excerpted  (and  edited  for  consistent  format) 
from  a  report  written  for  NASSCO  by  Won  Engineering,  April  1997.  The  full  text  of  this 
report,  including  tabular  data  and  a  copy  of  the  survey  itself  are  included  in  Appendix 
B. 

This  Shipyard  Survey  was  conducted  to  aid  in  developing  the  ecological  risk 
assessment  model,  shipbuilding  and  repair  facilities  were  surveyed  for  current 
permitting  specifics  and  requirements. 

Survey  Objectives  -  The  objectives  of  the  Shipyard  Survey  were  to: 

1.  survey  current  NPDES  regulated  discharge  constituent,  concentration,  and 
limitations  from  a  wide  cross-section  of  shipyards  in  the  US; 

2.  identify  any  modeling  programs  that  are  currently  in  use  by  shipyards  or 
regulatory  agencies  related  to  NPDES  regulations  or  ecological  risk 
assessment; 

3.  assess  how  the  gathered  information  can  be  integrated  into  the  focused 
monitoring  program  model  that  would  result  from  completion  of  the  project  N1- 
95-02. 

Survey  Respondents  -  Eight  public  and  commercial  shipyards  from  the  EPA  regions 
1, 3,  4,  6,  9,  and  10  were  contacted  for  participating  in  the  survey  and  for  releasing  a 
copy  of  their  NPDES  or  equivalent  state  permits.  Six  shipyards  participated  in  the 
telephone  interview.  The  NPDES  permits  of  the  eight  shipyards  were  used  for 
gathering  information. 

Survey  Instrument  -  The  survey  (Appendix  B)  was  designed  by  NASSCO  to  collect 
information  on  regulating  agency,  permit  type,  limitations  (constituents  and  numerical 
concentration  levels),  monitoring  requirements,  shipyard  site  specifics  including 
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existing  monitoring  data,  pollutant  sources,  pollutant  pathways,  etc.,  and  the  use  of  a 
model  for  point  or  non-point  source  discharges. 

Summary  of  Survey  Findings  -  All  eight  shipyards’  operations  require  an  NPDES  or 
state-equivalent  permit.  One  shipyard’s  discharges  are  made  of  fresh  water,  and 
seven  shipyards’  discharges  are  made  to  brackish  to  salt  water.  The  receiving 
bodies  of  water  of  these  shipyards  are  used  for  various  purposes,  including 
agricultural,  industrial,  and  recreational  purposes. 

Most  of  those  surveyed  felt  that  the  regulating  agency  used  best  management 
practices  (BMP)  for  developing  their  permit.  All  six  telephone-interviewed  shipyards 
responded  that  their  permits  were  BMP  based.  Other  commonly  used  approaches 
mentioned  in  the  survey  included  use  of  chemical  specific  water  quality  criteria, 
federal  water  quality  standards,  and  state  water  quality  standards.  These  findings  are 
consistent  with  the  results  of  the  regulatory  agency  survey  conducted  by  Penn  State 
University  as  another  subtask  of  the  project. 

All  but  one  shipyard  were  required  to  monitor  discharge  effluent.  Most  common 
permitted  shipyard  discharges  included  storm  water,  dock  drainage  and  dock 
dewatering  water,  and  non-contact  cooling  water.  Table  2  summarizes  the  permitted 
discharges  and  numerical  discharge  limits  of  the  eight  shipyards.  As  shown  in  Table 
2,  the  discharge  effluent  monitoring  requirements  vary  considerably  from  shipyard  to 
shipyard.  Regulated  constituents  with  numerical  limitations  included  metals  (copper, 
lead,  zinc,  total  chromium,  and  tributyl  tin),  residual  chlorine,  phosphorus,  total 
suspended  solids,  oil  and  grease,  chemical  oxygen  demand,  and  polynuclear 
aromatic  hydrocarbons  (PAH).  Four  shipyards  are  required  to  do  additional 
environmental  monitoring  (e.g.,  receiving  water  monitoring,  biota  studies,  sediment 
monitoring,  etc.).  See  Table  3  for  the  summary  of  the  environmental  monitoring 
requirements. 

Three  of  the  six  shipyards  participated  in  the  telephone  interview  responded  that  the 
use  of  a  quantitative  model  has  been  or  will  be  involved  in  development  of  their 
permits.  For  one  west  coast  yard  in  particular,  the  regulating  agency  is  using 
collected  sediment  data,  water  column  data,  and  toxicity  information  from  the  past  15 
years  to  develop  the  yard’s  proposed  new  permit. 

All  six  of  the  six  telephone  interviewed  shipyards  carried  out  welding,  abrasive 
blasting,  and  painting  operations.  All  responded  a  presence  of  the  potential  for 
pollutants  from  these  operations  to  reach  the  direct  discharge,  airborne,  and/or 
surface  runoff  pathways.  All  six  of  the  six  telephone  interviewed  shipyards  employed 
handwipe  cleaning  and  vessel  cleaning  in  their  operations.  Five  shipyards 
responded  a  presence  of  the  potential  for  the  pollutants  from  wipe  cleaning  and 
vessel  cleaning  operations  to  reach  the  airborne  pathway  and  direct  discharge 
pathway,  respectively.  All  shipyards  had  various  combustion  sources  such  as  boilers, 
compressors,  generators,  cranes,  furnaces,  ovens,  and  cooling  towers  that  would 
present  the  potential  for  the  pollutants  to  reach  the  pollutant  pathways.  All  six  yards 
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responded  a  presence  of  the  potential  for  air  pollutants  from  the  crane  operation  to 
reach  the  airborne  pathway  or  oil  and  grease  left  on  the  roadway  by  the  cranes  to 
reach  the  surface  runoff  pathway. 

All  six  telephone  interviewed  shipyards  had  annual  training  programs  that 
incorporated  waste  management,  storm  water  management,  and  best  management 
practices.  Four  shipyards  had  additional  company  newsletters  and  “talks”  with 
employees  to  discuss  various  environmentally  related  subjects. 

At  the  time  of  survey,  four  shipyards  were  in  the  process  of  renegotiating  their  NPDES 
permit.  It  was  a  consensus  among  these  shipyards  that  the  discharge  and 
monitoring  requirements  were  becoming  more  stringent  in  their  proposed  permits. 
Use  of  a  quantitative  modeling  by  shipyards  or  agencies  was  not  prevalent;  however, 
many  survey  participants  believed  that  the  use  of  a  quantitative  modeling  would 
become  beneficial  or  would  be  required  by  the  regulating  agencies  in  the  future. 

For  more  information,  detailed  results  of  the  survey  and  the  survey  itself  are  presented 
in  Appendix  B. 
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4.0  MODELS 


4.1  OVERVIEW 

Three  models  were  developed  to  tackle  the  problem  of  quantifying  the  amount  of  non¬ 
point  source  pollution  being  discharged  into  a  receiving  body,  and  how  much  of  an 
effect  that  pollution  is  having  on  the  environment.  These  models  are  PSRM-QUAL, 
B.E.S.T.,  and  ECORISK.  Figure  1  is  a  schematic  drawing  that  illustrates  the 
relationship  of  these  three  models  to  each  other. 


PSRM-QUAL  Model 


[contaminant  input] 


Figure  1.  Schematic  of  the  NPDES  modeling  logic. 


The  first  model  uses  The  Penn  State  Runoff  Quality  Model  (PSRM-QUAL  v95.0), 
developed  at  The  Pennsylvania  State  University  (Seibert,  et.  al.).  This  program 
models  storm  runoff  quantities,  and  the  amount  of  pollutant  that  is  carried  with  this 
flow  as  a  function  of  time.  The  calculated  output  of  this  model  provides  the  input  into 
the  second  model. 
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The  second  model  used  for  this  project  is  the  Bay/Estuary  Hydrodynamics  and 
Sediment/Contaminant  Transport  (B.E.S.T.)  model  (G.T.  Yeh,  et.  a!.).  This  model 
simulates  the  hydrodynamics  of  the  receiving  water  and  sediments,  and  tracks  the 
concentration  of  pollutant  discharge  as  it  is  dispersed  by  the  water  currents.  The 
output  of  B.E.S.T.  then  provides  input  into  the  third  model,  which  considers  the 
ecological  risk  posed  to  the  receiving  body  by  the  pollution. 

The  third  model,  ECORISK  (Williams,  et.  at),  determines  the  ecological  risk  the  water 
column  and  sediment  contaminant  pollution  concentrations  pose  to  various  receptor 
species.  This  is  accomplished  by  comparing  the  output  pollutant  concentrations  to 
known  ecological  risk  criteria  for  a  specific  organism  that  inhabits  the  specific  area  of 
the  receiving  body. 

A  user  interface  called  MEDLEY  (Goodman)  was  also  developed  under  this  project. 
This  interface  allows  for  easy  selection  of  the  specific  model  to  be  run,  organizes  the 
files  used  and  the  data  files  generated  by  each  of  the  three  technical  models,  and 
computes  data  conversions  and  formatting  necessary  as  the  data  is  transferred  from 
one  model  to  the  next. 

The  use  of  this  set  of  modeling  programs  helps  to  give  the  user  a  complete  picture  of 
the  amount  and  behavior  of  pollutant  discharge  and  risk  assessment  of  a  specific 
site.  Each  of  these  programming  models  is  described  more  fully  in  the  sections 
below.  User’s  Manuals  with  program  details  and  specific  operating  instructions  are 
included  in  Appendixes  C,  D,  E,  F,  and  G. 


4.2  USER  INTERFACE  (MEDLEY) 

A  user  interface,  called  MEDLEY,  was  developed  to  link  the  three  technical  models 
together  and  to  make  data  and  file  manipulations  easier  for  the  user.  A  schematic  of 
this  user  module  logic  is  shown  in  Figure  2. 

When  MEDLEY  is  opened,  a  window  is  displayed  which  allows  the  user  to  select 
which  of  the  three  technical  models  or  a  data  file  selection  process  that  he/she  wants 
to  run.  The  selected  model  is  then  opened  for  data  entry.  After  the  data  is  entered, 
MEDLEY  performs  the  necessary  calculations  and  formatting  to  properly  format  the 
output  from  one  model  so  that  it  is  accessible  as  input  to  the  next  model.  MEDLEY 
automatically  selects  the  proper  file  and  folder  names  and  places  data  therein  so  that 
it  is  available  for  the  next  program’s  use. 
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Figure  2.  MEDLEY/NPDES  program  interrelationships. 


4.3  SHIPYARD  MODEL  (PSRM-QUAL) 

PSRM-QUAL  was  developed  in  1995  for  the  Pennsylvania  Department  of 
Environmental  Protection  to  characterize  contaminants  in  urban  runoff.  This  program 
can  effectively  model  the  transport  of  contaminants  suspended  in  a  flowing  liquid  - 
analogous  to  sediments  being  disturbed  and  transported  via  a  storm  event  at  an 
industrial  facility.  This  model  was  chosen  and  adapted  for  the  current  NSRP  project 
for  several  reasons.  It  is  accurate,  relatively  simple  to  operate,  accepted  by  a  state 
regulatory  agency  (PA),  and  better  suited  for  impermeable  surface  flow  than  other 
storm  water  models  that  were  considered. 

PSRM-QUAL  is  a  Microsoft  Quick  BASIC  computer  modeling  program  that  can 
calculate  hydrographs  and  pollutographs  for  a  specific  watershed  associated  with  a 
specific  storm  event.  The  model  works  best  for  an  impermeable  watershed  (e.g., 
paved  parking  lot)  and  has  been  adapted  to  analyze  one  “subarea”  (i.e.,  individual, 
discrete  drainage  areas),  each  time  it  is  run. 

PRSM-QUAL  is  used  to  predict  the  amount  of  non-point  source  flow,  sediment  load, 
and  sediment-associated  contaminants  that  are  transferred  from  a  site  during  a 
storm  event  to  the  receiving  water  body.  Through  normal  operations  at  large  industrial 
facilities,  several  contaminants  are  deposited  over  the  site,  despite  methods 
employed  to  control  this  contamination.  These  particles  remain  on-site  until  a  storm 


13 


event  occurs,  washing  the  contaminants  into  the  receiving  water  body  via  storm  water 
systems. 

There  are  several  steps  employed  by  PSRM-QUAL  to  simulate  this  event.  The  model 
employs  a  kinematic  wave  routine  to  predict  the  amount  of  overland  water  flow  as  a 
function  of  time.  Input  data  is  then  used  to  predict  the  total  suspended  sediments 
(TSS)  of  the  discharge.  This  TSS  discharge  is  then  multiplied  by  a  specific 
contaminant  concentration  factor  (Fx)  to  determine  the  amount  of  that  contaminant 
present  in  the  runoff.  For  example,  if  100  ppm  of  TSS  is  discharged  during  a  specific 
storm  event  and  0.001  is  the  copper  (Cu)  concentration  factor,  then  during  this  event, 
0.1  ppm  of  Cu  has  been  discharged). 

PSRM-QUAL  requires  several  pieces  of  information  to  accomplish  this  task  -  site 
information,  storm  characteristics,  contaminant  concentration  factors,  and  most 
importantly,  the  TSS  initial  sediment  load  (ISL).  Output  from  PSRM-QUAL  is  given  in 
the  form  of  a  hydrograph,  depicting  flow  versus  time,  and  a  pollutograph,  depicting 
both  TSS  and  the  specific  contaminant  concentrations  versus  time. 

To  run  the  model,  sufficient  site  data  must  be  collected  to  adequately  describe  the 
facility.  The  computer  modeling  techniques  attempt  to  predict  natural  processes; 
therefore,  it  is  vital  that  actual  site  data  be  used  wherever  possible,  as  precise  input 
leads  to  precise  output.  For  the  study  case  herein,  much  of  the  data  was  incomplete, 
and  the  input  values  had  to  be  back-calculated,  or  assumed. 

A  preferred  set  of  site  input  data  would  include  the  following  items: 

•  Slope  of  the  site 

•  Area  of  site  being  serviced  by  each  specific  storm  water  outfall 

•  Storm  water  discharge  data  as  a  function  of  time  for  each  storm  water  outfall 

•  TSS  data  (as  a  function  of  time)  taken  from  storm  water  outfalls  during  storm 
events 

•  Specific  contaminant  concentration  (as  a  function  of  time)  taken  from  storm 
water  outfalls  during  storm  events 

•  Precipitation  data  taken  detailing  the  amount  of  precipitation  as  a  function  of 
time  during  storm  events 

•  Fraction  of  site  surface  that  is  impervious 

•  Characteristic  flow  path  (representative  of  the  average  flow  path  length  for  each 
storm  water  outfall) 

•  General  site  characteristics,  such  as  how  even  the  pavement  is,  storm  water 
discharge  practices  (first  flush  separation,  etc.) 

After  the  data  are  collected,  the  next  step  is  to  correlate  the  storm  flow  data  to  the 
discharge  data.  Since  data  that  details  the  amount  of  water  discharged,  and  the 
concentration  of  TSS  and  the  specific  contaminant  carried  with  this  discharge  are 
obtained,  it  is  possible  to  calculate  the  initial  sediment  load  of  the  site.  This  is 
accomplished  by  running  the  model,  and  modifying  the  storm  intensity  data  as 


14 


needed  until  the  discharge  predicted  by  the  model  matches  the  storm  water 
discharge  data.  Next,  the  initial  sediment  load  is  altered  until  the  TSS  predicted  by  the 
model  matches  the  TSS  output  from  the  data.  The  same  process  is  performed  with 
the  contaminant  concentration.  This  process  calibrates  the  model  to  successfully 
operate  on  a  specific  site.  The  entire  model  can  then  be  run  to  generate  the  bay 
contaminant  concentrations. 

After  PRSM-QUAL  has  been  successfully  executed,  this  output  is  then  directed  to  the 
second  phase  of  the  program,  the  B.E.S.T.  model. 


4.4  BAY  MODEL  (B.E.S.T.) 

Once  point  source  pollutant  concentrations  entering  a  body  of  water  over  time  during  a 
rain  event  have  been  determined  using  PSRM-QUAL,  the  dispersion  of  these 
pollutants  throughout  the  bay/estuary  and  into  the  sediment  over  time  is  predicted 
using  the  B.E.S.T.  modeling  program. 

The  B.E.S.T.  model  is  a  2-D  depth-averaged  numerical  model  simulating  water  flow 
and  reactive  contaminant  and  sediment  transport  in  bay/estuary  systems.  This  model 
includes  two  computational  modules:  flow  and  transport. 

The  flow  module  computes  flow  using  two  modes,  one  that  first  computes  circulation 
without  taking  into  account  eddy  fluxes,  and  a  second  to  then  include  eddy  fluxes.  The 
computed  flow  results  are  used  to  compute  the  migration  of  sediments  and 
contaminants  in  the  transport  module. 

Though  many  transport  models  have  included  updated  numerical  approaches  to 
improve  their  computational  performance,  no  existing  water  quality  model,  to  our 
knowledge,  has  used  a  generic  and  mechanistic  approach  to  simulate  the  reaction- 
migration  behavior  of  non-conservative  chemicals  in  bay/estuary  areas.  All  existing 
models  are  either  empirically-based  or  simulate  systems  containing  specific 
reactions,  and  thus  their  applications  are  limited  to  specific  systems.  Unlike  an 
empirically-based  model  whose  model  parameters  might  be  system-  or  even 
environment-dependent,  a  generic  and  mechanistic  model  considers  interactions 
among  chemicals  based  on  reaction  mechanisms  which  are  universal  and  can  be 
applied  to  all  systems.  Based  on  our  experience  of  modeling  reactive  contaminant 
transport  in  the  subsurface,  a  generic,  mechanistic  approach  was  used  to  simulate 
reactive  contaminant  transport  in  bay/estuary  areas,  desiring  to  enhance  reactive 
contaminant  transport  modeling  in  this  field.  In  this  transport  module,  suspended 
sediments  and  bed  sediments  whose  distributions  are  determined  through 
hydrological  transport  and  erosion/deposition  processes  were  taken  into  account. 
Any  contaminant  considered  in  this  model  is  treated  as  a  chemical  species  that  can 
be  either  organic  or  inorganic.  It  may  appear  in  the  water  column  as  a  dissolved 
chemical,  be  adsorbed  onto  suspended  or  bed  sediments  to  become  particulate 
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chemicals,  or  exist  in  the  interstitial  water  of  the  bed  sediments  also  in  dissolved 
form.  All  reactions  among  chemicals  are  assumed  elementary  kinetic,  and  reaction 
rates  are  described  based  on  the  collision  theory  where  forward  and  backward  rate 
constants  can  be  measured  experimentally.  Figure  3  shows  a  schematic  plot  for  the 
chemical  reactions  taken  into  account  in  the  B.E.S.T.  model. 
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Figure  3.  Schematic  plot  of  chemical  reactions  taken  into  account  in  the  transport 
module. 


In  developing  this  model,  it  was  assumed  that  (1)  flow  fields  are  not  influenced  by 
sediment  or  contaminant  distributions  and  that  (2)  sediment  distributions  are  not 
affected  by  contaminant  distributions.  The  first  assumption  lets  the  model  compute 
flow  and  transport  module  sequentially,  which  as  a  result  demands  much  less 
computer  time  than  that  accounting  for  strong  coupling  between  flow  and  transport 
modules  due  to  density  effect.  The  second  assumption  allows  the  model  to  calculate 
sediment  transport  prior  to  contaminant  transport. 

Depending  on  the  period  of  time  covered  in  the  simulation  and  on  the  speed  of  the 
computer  used  to  do  the  calculations,  it  could  take  several  days  or  longer  to  perform 
the  B.E.S.T.  calculations.  B.E.S.T.  prepares  two  sets  of  output  files.  One  set  is 
formatted  for  use  in  the  ECORISK  model.  The  second  set  is  formatted  such  that  it  can 
provide  a  visual  display  of  the  dispersion  of  the  pollutants  within  the  bay  over  time  by 
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opening  the  files  using  a  TecPIot  visualization  software  package.  Figure  4  shows  the 
dispersion  of  copper  throughout  San  Diego  Bay  shortly  after  a  single  rain  event  (A), 
and  after  a  30-day  simulation  that  included  3  rain  events  (B). 
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Figure  4.  Dispersion  simulation  of  copper  into  San  Diego  Bay. 
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4.5  ENVIRONMENTAL  RISK  PREDICTION  MODEL  (ECORISK) 

Once  the  dispersion  of  shipyard  pollutants  throughout  the  bay/estuary  and  into  the 
sediment  over  time  is  predicted  using  the  B.E.S.T.  modeling  program,  the  risk  of  lethal 
effects  on  species  living  in  the  bay/estuary  is  estimated  using  the  ECORISK  modeling 
program. 

ECORISK  calculates  risk,  based  on  the  Tier  2  method  presented  by  the  Water 
Environment  Research  Foundation  in  Aquatic  Ecological  Risk  Assessment:  A  Multi- 
Tiered  Approach  (Project  91-AER-1,  1996).  The  Tier  2  method  estimates  risk  by 
comparing  the  mean  and  standard  deviation  of  the  Expected  Environmental 
Concentration  (EEC)  to  the  mean  and  standard  deviation  of  the  Environmental  Risk 
Criteria  (ERC).  ECORISK  is  calculated  in  the  same  way,  utilizing  the  B.E.S.T.- 
generated  copper  concentrations  as  the  Expected  Environmental  Concentration  and 
the  LC50  found  in  the  literature  as  the  Environmental  Risk  Criteria. 

The  ECORISK  model  is  a  C++  program  with  a  Windows  interface  for  entering  data  and 
selecting  desired  calculation  parameters. 

The  ECORISK  model  first  allows  the  user  to  establish  a  database  of  organisms  that 
live  in  the  bay/estuary  being  modeled  and  that  are  of  importance  to  local  regulators 
and  authorities.  The  database  includes  information  on  the  preferred  habitat  of  the 
organism  (water  or  sediment,  and  x,y  locations  within  the  bay),  and  the  acute  and 
chronic  LC50  for  the  organism  when  exposed  to  copper. 

The  ECORISK  model  then  uses  the  contaminant  concentrations  and  dispersion  data 
generated  by  the  B.E.S.T.  model,  together  with  copper  risk  criteria  (LC50)  for  any 
particular  resident  species  of  interest,  to  calculate  the  risk  of  exposure  for  the  given 
species  to  copper  concentrations  above  its  LC50  over  all  or  part  of  the  bay.  Risks  of 
exposure  to  either  acute  or  chronic  LC50  concentrations  can  be  calculated,  and  these 
can  be  based  on  copper  concentrations  that  are  averaged  over  time,  space,  or  overall. 
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5.0  HARDWARE  AND  SOFTWARE  REQUIREMENTS 


Hardware  Requirements: 

256  MB  100  MHz  RAM 
600  MHz  Pentium  III 
20  GB  Type  EIDE  Disk  space 
512KB  L2  CACHE 

MEDLEY  set-up  software  and  associated  modeling  software  as  provided  with  this 
report. 

Software  Requirements  (both  optional): 

TecPIot  Version  7.0  or  later 

Available  from:  Amtec  Engineering,  Inc. 

13920  SE  Eastgate  Way,  STE.  220 
Bellevue,  WA  98005  USA 
1-800-676-7568 
www.amtech.com 
sales@amtech.com 

GMS-FEMWATER  2.1  or  later 

Free  for  DoD  contractors,  See  Appendix  E 
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Appendices  and  Electronic  Attachments 

Due  to  size  limitations  and  format  requirements,  not  all  items  are  included  in  this  file: 
Appendix  A  -  part  of  this  file 
Appendix  B  -  part  of  this  file 
Appendix  C  -  part  of  this  file 
Appendix  D  -  part  of  this  file 
Appendix  E  -  part  of  this  file 
Appendix  F  -  separate  file 

Appendix  F  -  BEST  software  (FORTRAN  code)  -  separate  file 
Appendix  G  -  separate  file 

Program  -  Set-up  Medley  -  separate  file 

Program  -  Set-up  Medley  with  Source  -  separate  file 
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APPENDIX  A  -  REGULATORY  SURVEY  AND  RESULTS 


APPENDIX  A  from  A  Shipyard  Program  for  NPDES  Compliance,  NSRP  Task  Nl-95-02,  Applied 
Research  Laboratory,  State  College,  PA,  July  2000 


Survey  of  Regulatory  Agencies  Concerning  Shipyard  NPDES  Permitting 

The  purpose  of  this  survey  is  to  determine  how  NPDES  permits  are  established  and  applied  to 
the  shipbuilding  and  vessel  repair  industry.  The  first  grouping  of  questions  addresses  how 
NPDES  pennit  limits  are  established  in  a  general  context  for  industrial  dischargers.  The  next  set 
of  questions  concerns  how  NPDES  permit  limits  are  established  for  shipyards  and,  in  general, 
how  that  industry  is  regulated.  The  last  few  questions  deal  with  the  concept  of  applying 
ecological  risk  assessment  to  the  determination  of  shipyard  NPDES  pennits.  A  short  glossary  is 
provided  here  at  the  beginning  of  the  survey  to  insure  that  there  is  a  mutual  understanding  of  the 
different  terms  used  herein. 


Glossary 

chemical-specific  water  quality  criteria  -  numerical  maximum  allowable  water  column 

concentration  for  a  specific  chemical  constituent. 

chemical-specific  sediment  quality  criteria  -  numerical  maximum  allowable  sediment 

concentration  for  a  specific  chemical  constituent. 

whole  effluent  toxicity  WET)  criteria  -  chemical  criteria  developed  from  acute  and  chronic 

toxicity  tests  to  measure  the  toxicity  of  a  wastewater. 

biosurvey  -  collecting,  processing,  and  analyzing  a  representative  portion  of  the  resident  aquatic 
community  to  detennine  its  structural  and/or  its  functional  characteristics. 

ecological  risk  assessment  -  application  of  EPA’s  “Framework  for  Ecological  Risk 

Assessment”  (E1SEPA,  1992;  Norton  et.al.,  1992)  to  characterize 
ecological  effects  of  specific  chemical  stressors  to  the  receiving 
water  by  choosing  specific  measurement  endpoints  and  relating 
them  to  a  particular  endpoint. 

stressor  -  chemical  constituent  (e.g.,  copper)  that  causes  ecological  damage  (stress), 
measurement  endpoint  -  quantifiable  indicators  of  ecosystem  health. 

assessment  endpoint  -  environmental  conditions  or  processes  that  are  valued  but  may  not  be 

directly  quantifiable. 

tissue  analyses  -  tissue  analyses  of  fishes,  invertebrates,  or  other  organisms  to  monitor  for 

chemicals  which  may  be  below  analytical  detection  limits  and/or  may  pose  a 
threat  to  human  health  through  bioaccumulatory  pathways. 

mixing  zone  -  an  allocated  impact  zone  where  water  quality  criteria  can  be  exceeded  provided 
acutely  toxic  conditions  are  prevented. 
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biological  criteria  (biocriteria)  -  narrative  expressions  or  numerical  values  of  the  biological 

characteristics  of  aquatic  communities  based  on  appropriate 
reference  conditions.  Biocriteria  serve  as  an  index  of  aquatic 
community  health. 

biological  monitoring  -  monitoring/sampling  of  the  biological  population  in  the  receiving  water 

to  determine  if  it  has  been  impacted  by  the  discharge. 


Survey  Questions 

This  first  set  of  eleven  questions  is  about  how  your  agency  issues  NPDES  permits,  regardless  of 
specific  industrial  classification. 

1.  For  process  waters,  which  of  the  following  approaches  are  used  by  your  agency  in 
developing  NPDES  permit  limits?  Choose  as  many  as  apply. 

chemical-specific  water  quality  criteria _ 

chemical-specific  sediment  quality  criteria _ 

whole  effluent  toxicity  (WET)  criteria _ 

biosurveys _ 

ecological  risk  assessments _ 

tissue  analyses _ 

biological  criteria  (biocriteria) _ 

assignment  of  mixing  zones _ 

Best  Management  Practices  (BMPs) _ 

best  professional  judgment _ 

other 


2.  Does  your  agency  require  biological  monitoring  to  verify  compliance  with  NPDES 
permits? 


Yes 

No 


3.  If  you  said  “Yes”  to  #2,  what  biological  communities  in  the  receiving  water  do  you 
require  to  be  monitored? 


free  swimming  benthic  invertebrates 
sessile,  filter  feeding  benthic  invertebrates  (e.g.,  oysters) 

fishes 

plants  (including  algae) 
other 
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4.  How  does  your  agency  measure  the  biological  impact  of  a  facilites  discharge  to  the 
receiving  water? 


whole  effluent  toxicity  (WET)  tests 
tissue  analyses 
bioconcentration  factors 
species  abundance 
population  dynamics 
other 


5.  Does  your  agency  issue  separate  permits  for  stormwater  and  process  water? 


Yes 

No 


6.  If  you  checked  “Yes”  to  #5,  which  of  the  following  approaches  are  used  by  your  agency 
in  developing  stormwater  NPDES  permit  limits?  Choose  as  many  as  apply. 

chemical-specific  water  quality  criteria _ 

chemical-specific  sediment  quality  criteria _ 

whole  effluent  toxicity  (WET)  criteria _ 

biosurveys _ 

ecological  risk  assessments _ 

tissue  analyses _ 

biological  criteria  (biocriteria) _ 

assignment  of  mixing  zones _ 

Best  Management  Practices  (BMPs) _ 

best  professional  judgment _ 

other 


7.  How  does  your  agency  require  industrial  facilities  to  sample  stormwater? 

singular  grab  sample 
composite  sample 


8.  Does  your  agency  require  collection  and  treatment  of  stormwater  runoff  from 
industrial  sites? 


Yes 

No 
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9.  How  frequently  is  stormwater  sampling  required? 


after  every  major  rain  event 
weekly 
monthly 
twice  per  year 
annually 
every  five  years 
other 


10.  Would  your  agency  allow  an  industry  to  renegotiate  their  NPDES  permit  limits  based 
on  an  ecological  risk  assessment? 


Yes 

No 


11.  If  you  checked  “No”  to  question  #10,  when  does  your  agency  plan  on  integrating 
ecological  risk  assessment  into  their  NPDES  permitting  strategy? 

within  the  next  2  years 
within  the  next  2  to  5  years 
within  the  next  5  to  10  years 
within  the  next  20  years 
never 


The  next  twelve  questions  are  specific  to  establishing  NPDES  permits  for  shipyards. 

12.  Which  of  the  following  approaches  are  used  by  your  agency  in  developing  NPDES 
permits  for  shipyards?  Check  all  which  apply. 

chemical-specific  water  quality  criteria 
chemical-specific  sediment  quality  criteria 
whole  effluent  toxicity  (WET)  criteria 

biosurveys 
ecological  risk  assessments 
tissue  analyses 
biological  criteria  (biocriteria) 
assignment  of  mixing  zones 
Best  Management  Practices  (BMPs) 
best  professional  judgment 
pretreatment  standards  for  POTW 
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13.  If  you  checked  “chemical-specific  water  quality  criteria”  in  question  #12: 

a)  How  are  those  criteria  determined?  Check  all  which  apply. 

federal  water  quality  standards 
referencing  water  quality  criteria  in  the  “Gold  Book”  or  “Blue  Book” 

state  water  quality  standards 
considering  ambient  pollutant  concentrations 
pretreatment  standards  for  POTW 
best  professional  judgment 
calculations  of  technology  based  limits  and  water  quality 
based  limits  then  choosing  the  more  stringent 

Other 


b)  By  what  means  does  your  agency  derive  permit  limitations?  Check  all  which  apply. 

from  a  two-valve,  steady-state  Waste  Load  Allocation  (WLA) _ 

from  a  single  steady-state  Waste  Load  Allocation  (WLA) _ 

from  a  dynamic  model  output _ 

direct  use  of  the  Waste  Load  Allocation  (WLA)  as  a  pennit  limit _ 

direct  application  of  both  the  acute  and  chronic  Waste  Load  Allocations 

(WLA)  as  pennit  limits _ 

use  of  a  narrative  “no  toxicity”  limit  using  a  “pass/fail”  toxicity  test _ 

use  LC5o>100  percent  effluent  at  the  end  of  the  pipe  to  set  limit _ 

other _ 

c)  What  are  the  chemical  limits  for  metals,  which  your  agency  uses,  based  upon? 

Total  Recoverable  Metals  (TRM) _ 

Dissolved  Metals  (DM) _ 

d)  Is  a  computerized  hydrolic  model  of  the  receiving  water  used  by  your  agency  in  the 
derivation  of  chemical  specific  limits  for  individual  discharges? 


Yes 

No 


14.  If  you  checked  “chemical-specific  sediment  quality  criteria”  in  question  #12: 
a)  What  do  those  criteria  address? 


Human  health 
Indigenous  biota  health 
Ecosystem  health  or  community  structure 
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b)  Does  your  agency  have  sediment  criteria  for  any  of  the  following  chemicals? 


copper 

chromium 

zinc 

lead 


oil  &  grease 
iron  oxides 
tributyl  tin  (TBT) 
solvents 


c)  If  sediment  sampling  is  required  in  your  state  or  locality,  where  do  you  require  it  to 
be  conducted  for  a  particular  facility’s  discharge? 


at  the  outfall 
in  the  zone  of  initial  dilution 
throughout  the  mixing  zone 
at  the  edge  of  the  mixing  zone 
beyond  the  mixing  zone 
several  specified  locations  throughout  receiving  water 
along  the  property  line/boundary 

other 


d)  With  what  frequency  do  you  require  sediment  sampling? 


annually 
every  five  years 
other 


15.  If  you  did  not  check  “chemical-specific  sediment  criteria”  in  question  #12,  when  do  you 
expect  your  agency  to  promulgate  such  criteria? 


within  1  to  2  years 
within  2  to  5  years 
within  5  to  10  years 
within  10  to  25  years 
never 


16.  If  you  checked  “whole  effluent  toxicity  (WET)  criteria”  in  question  #12: 

a)  What  types  of  organisms  are  used  in  toxicity  studies  for  shipyard  discharges? 
Check  all  that  apply. 


invertebrates 

fishes 

plants 
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b)  Are  the  organisms  used  in  the  toxicity  studies  indigenous  to  the  receiving  water? 

Yes  _ 
No 


17.  If  you  checked  “tissue  analyses”  in  question  #12: 

a)  Does  your  state  or  locality  consider  bioconcentrating  pollutants  in  their 
development  of  permit  limits? 

Yes _ 

No _ 

b)  If  “Yes,”  what  method  does  your  agency  use  to  make  such  a  determination? 

Bioconcentration  Factor  (BCF) _ 

Bioaccumulation  Factor  (BAF) _ 

Biota-Sediment  Accumulation  Factor  (BSAF) _ 

other _ 

c)  Does  your  agency  consider  bioavailability  of  pollutants  in  determination  of  permit 
limits? 

Yes _ 

No 


18.  If  you  checked  “biological  criteria  (biocriteria)”  in  question  #12: 

a)  What  is  the  reference  biological  community: 

free  swimming  benthic  invertebrates 
sessile,  filter  feeding  benthic  invertebrates  (e.g.,  oysters) 

fishes 

plants  (including  algae) 
others 


19.  If  you  checked  “assignment  of  mixing  zones”  in  question  #12: 
a)  Where  are  your  agency’s  water  quality  criteria  applied? 

end  of  pipe 
edge  of  mixing  zone 
other 
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b)  In  determining  a  mixing  zone,  which  do  you  use? 


steady-state  model 
dynamic  model 
dye  studies 
other 

c)  Are  there  separate  boundaries  within  the  mixing  zone  for  acute  and  chronic 
criteria? 


Yes _ 

No _ 

d)  Is  there  a  size  restriction  on  the  extent  to  which  a  mixing  zone  can  be  applied? 

Yes _ 

No _ 

e)  Is  there  a  restriction  as  to  how  high  the  dilution  ratio  can  be  set  for  a  mixing  zone? 

Yes _ 

No _ 

f)  Can  the  size  of  a  mixing  zone  be  negotiated  based  upon  a  computerized  hydrologic 
model  of  the  receiving  water  environment? 


Yes 

No 


g)  Can  the  dilution  ratio  of  a  mixing  zone  be  negotiated  based  on  a  computerized 
hydrologic  model  of  the  receiving  water  environment? 


Yes 

No 


h)  If  you  checked  “Yes”  to  #19g,  what  basic  type  of  computerized  hydrologic  model 
would  you  require? 


two  dimensional  model 
three  dimensional  model 
other 
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20.  If  you  checked  “Best  Management  Practices  (BMPs)”  in  question  #12: 

a)  Are  BMPs  integrated  into  the  NPDES  permits? 

Yes _ 

No _ 

b)  Are  BMPs  developed  by  your  agency? 

Yes _ 

No _ 

c)  Are  BMPs  developed  by  the  shipyards? 

Yes _ 

No _ 

d)  Are  the  BMPs  developed  through  a  cooperative  effort  between  the  shipyards  and 
your  agency? 

Yes _ 

No _ 

e)  How  many  total  BMPs  have  been  developed  for  application  to  shipyards? 


f)  How  many  BMPs  are  typically  used  in  a  single  shipyard  permit? 


21.  If  you  checked  “best  professional  judgment”  in  question  #12,  what  does  this  approach 
involve?  Check  all  that  apply. 


whole  effluent  toxicity  (WET)  studies 
chemical  analysis  of  the  effluent 
reliance  on  historical  data  concerning  the  particular  industry 
modeling  of  the  receiving  water  and  the  impact  of  the  discharge 
biological  monitoring  of  selected  communities  within  the  receiving 
water  to  determine  the  impact  of  the  discharge 
Waste  Load  Allocations  (WLA)  and  pennit  limit  derivation 

from  two-value,  steady-state  outputs 

other 
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22.  Does  your  agency  require  biological  monitoring  of  shipyard  receiving  waters  to  verify 
compliance  with  NPDES  permits? 


Yes 

No 


23.  What  biological  communities  in  a  receiving  water  do  you  require  to  be  monitored  for 
impacts  due  to  common  shipyard  pollutants?  Check  all  that  apply. 

free  swimming  benthic  invertebrates _ 

sessile,  filter  feeding  benthic  invertebrates  (e.g.,  oysters) _ 

fishes _ 

plants  (including  algae) _ 

others 


The  last  four  questions  deal  specifically  with  the  application  of  an  ecological  risk  assessment  to 
detennine  a  shipyard’s  NPDES  pennit. 

24.  When  would  you  allow  a  shipyard  to  conduct  and  use  an  ecological  risk  assessment? 
Check  all  that  apply. 


in  the  NPDES  pennit  application  stage 
to  review  and  modify  a  permit  before  the  public  comment  stage 
to  open  a  pennit  up  for  modification  during  its  three-year  operating  time 

other 


25.  What  is/are  the  biological  measurement  endpoint(s)  your  agency  would  require  to  have 
the  shipyard  consider  if  an  ecological  risk  assessment  was  conducted?  Check  all  that 
apply. 


free  swimming  benthic  invertebrates 
sessile,  filter  feeding  benthic  invertebrates  (e.g.,  oysters) 

fishes 

plants  (including  algae) 
others 


26.  What  would  be  the  assessment  endpoint  you  would  require? 
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27.  Would  your  agency  provide  peer  review  if  a  shipyard  conducted  an  ecological  risk 
assessment,  and  cooperate  with  the  shipyard  by  providing  feedback  as  to  the 
methodology  of  their  study? 


Yes 

No 


Thank  you  for  taking  the  time  to  complete  this  survey.  If  you  would  like  a  summary  of  the 
results  of  this  survey  please  mark  the  space  below  and  provide  the  address  to  which  I 
should  send  them. 

Yes,  I  would  like  the  results  of  this  survey  sent  to  me. _ 

No  I  do  not  want  a  copy  of  the  results. _ 


Address: 


END 
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tr>  drtcmww  how  state  re0il«1wy  ajreiwies  and  EPA  i-cBHJiuil  uBircs-  esLnblisii 
NJJliE'r’  pemniL  rriEJijditxina  For  fnodbtin?;  witkir.  this  industry. 

The  objeetivea  of  tite  radulfitciTy  autvey  were  to: 

] .  ]■!  k;::i  iii>:'  tJie  melhcris  usciri  l^k  vaiTkius  re-£j.ila|(>ry  ajfCfkTies  In  wntins:  NPUtSS 
pcflluHe  I)_h  list?  sliipbuikltiifi  and  lepoir  induatiy  as  rtinmiiri^rL  to  irehiAtry  in 
gcmxaJ; 

2.  IX'LemuoK  d  a  r.l npj v ;l“  d  can  rH.'.L.nE'Lutc  NI3DtS  permit  mnditinna  hased  upon 
a*torn|n(pra|  r^t  assessment  of  ils  disehatfie^J  to  ita  rtecLyiruj:  water;  and, 
Jt  Evc.lL.alc  future  iduiiikrv  trends  hl  writing  [V ETJFJ.’i  jKsmitS  for  the  Bltrp- 
bmidinf?  and  repair  indtiscry 

REGULATORY  BACKGROUND 
water  Quality  Regulations 

"LTie-  Pcdcral  Watfr  EWltirim  CotiutJ  jVrt  ci  ly?S  {P'Vf'PCA:i  liade  Ute  EBivn-oiii- 
i 'I h.i 1 1. : i !  L's  uteLlJcn  .'Vutru-y  fKHAl  ■esp’jriKLtjk1  I:*  prumuJi^ting  nnlxmnl  i.  l'-Hi  h  iu 
Kumi-itd*  fcw  each  indns trial  cateaory  The  EM  whs  regained  to  set  Llsese 
Btuidaid-s  Ixinifd  on  pollution  cuilxul  techixikifiies  und  on  the  nrnnrirair  ack'KV- 
nhilily  ri  cwiyptance  with  ilk'  standards-  Mere  StriJlBWlt  diseliarw;  standards 

Luujdbc  Liiixirod  if  techi-mingy  bused  fttlLumL  sbundards  did  ry:E  prrflerc  rnceivipfi 

water  quality,  The  Vitamer  Quality  Act  of  I'M?  (WQA)  attwimhumiii  die  nintml 
EmsponfvcElirti:  polluLnits  by  Implftmiinring  tnodcs-nriimtied  wabcrflU^ityeiTtet'Ta. 

11m  FiVPCA.  also  eataUiShed  [fie  NPDEb  pTujpiun  to  rewilutc  dKchargpK 
from  mimirdpwl  and  indLis.1rud  -farialies.  ihvtair  the  N  PI  >KS  projpraiV  a  pvi  :ru( 
would,  bt?  issued  IO  a  facility  Kpccilvcik:  oQluenL  limits,  aoliiicis  tn  he  Liken  to 
meet  ihe  limits,  and  mtmitnrinji»nd  self  nrpertina  requireiintfHS  km  thoao  linina. 
States  were  uUowud  lu  take  over  the  udrimirljuliixi  nr  ttnL  Nl'lJffS  [tregram 
pnmdtd  their  standards  were  as  stringent  aa  the  Federal  startdaids.  Qnoe  a 
VcnroiL  has  1**11  is-:. ceil  with  rrumentuil  limits  and  mnniluruig  rftgfuimiKYYt^,  the 
'’anu-UKHskiiifi"  provision!  in  ihe-  tVQA  makea  rt  dlftkuli  tu  ihfcct  any  permit 
cnnulimi.  The  anti,  hark  sliding  pr'wisir±n  statm  that  a  piTml  awj1  not  he  L'e- 
3Hfwedr  iL'issocd.  or  inGdibed  lo  i  imrami  uUlueifl  -units  wtiicb  are  less  strinpenr 
than  ihr:  enriparahlc  limits  in  thr  pnivirHkfi  j^npit- 

Tin:  Clean  Wiler  AcL  in  fcitee  Today  js  u  cncnb'juilJiHi  of  the  FWPCA 

and  WQA  CArhKkJc  IflWh  The  objeetiwt  ttf  the  CV*A  into  reaten  e  and  nimiiiiin 
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iJk  pJiyriLcd,  uhmiu^l,  and  h>ts)oj(kaJ  integrity  cf  the  Na¬ 
tion's  waters.  To  fulfill  this  objective,  tte  EPA  TKtLmns 
mends  Jiii  state  regulatory  apnnrs  mtograte  Ihc  Whole 
Effluent  'lirakity  (WET)  test,  ctieimkail-sped&c  water 
quality  criteria.  fWQC),  and  biuaaxessinefii  approaches 
into  NFDRfi]it;rmit  writing.  Tho  EFA  also  advises  that  no 
rinjdc  approach  be  considered  superior  to  aitiLW,  and 
that  all  three  uppi  yaclxix  be  aq^rliert  equally  in  order  to 
nant  accurately  cfctcmrinc  Ok  impact  of  a  discharge  <n 
its  receding  water  (EBA  1M1J. 

Storm  Water  Reyulat ions 

Sinrm  wnter  discharges  from  areas  of  industrial  itciivity 
can  be  a  significaiK  suuibtMi pH^hiixsci  and  mist  be  issued 
a  KPDES  [rernui  under  the  WtJA  (EBA  ISffl).  Thr« 
types  of  permit  apphcatiutfis  are  used  for  UPCES  storm 
water  discharges:  grana-d  permits,  group  permits,  and 
individual  outfall  permits.  Mo  si  states  and  EllA  rejjkmal 
offices  issue  a  gtsiKiil  pennit  for  rme  facility  to  coyer  all 
individual  wtfiilli-  These  general  pennst  requirements  are 
likely  to  be  less  seringa  it  chan  ■  L^ipm  tinere  <•  under  individ¬ 
ual  outM  sterm  tuts  permits  (Dodson  1WS).  Gr«ip 
permits  would  allow  "representative  disricugr  monitor¬ 
ing"  d  a  singfc  outfall  m  be  used  for  all  similar  initials  at 
a  particular  facility  to  reduce  monitoring  amis. 

Shipbuilding  and  Repair  Industry 
Regulations. 

The  KFA  publialted  draft  tdrhami  aui  defines  for  the  diip- 
I .r j lH  j 1 1 jl;  ;iml  repair  industry  to  provide  jtoidanc&  fix  wrili^j 
NKDES  permits  tor  shipyards  (EI-A  IBry1).  However  the 
ERA  fouixl  that  the  imposition  of  national  industry-wide 
mrwmeal  limits  was  impractical  because  uf  dw  wide  va¬ 
riety  o i  industrial  activities  and  peHuiarat  sources  present 
at  dapyrnds-  Instead,  th:  dociime rat  described  Rest  Man 
a  foment  Practice  s  (BMPs)  ;unJ  iLnxnnated  monitoring; 
pteiits  to  lit;  appfcd  to  ^lipygrfls  cm  a  case-by-ease  basis. 
Alibcmgb  EtMRa  are  common  ekunents  Lrfshi|7f^in;LN3J|)p:s 
permits,  riumci'itji  Luntumnart  limits  are  also  regularly 

applied. 

PtauLLW  ra>  rpHicnwd  vflfo™i;  ^tanditTds  exist  fix  the 
shlpbuiklhig  and  repair  industry  numerical  permit  limits 
are  batted  u|x:ii  Best  RcofexSxKiaJ  Judy^neifl  (BPJ>  unci 
lkst  Engineering  Judgment  (E3iJ)  (Arbucbe  IPWl.  tndi- 
viUiiul  reguliitiAN  write  a  SIDES  perm*  for  a  shipyard 
baaed  on  their  owji  BE'j  and  UliJ.  facility-specific  industrial 
practices  and  site-specific  cjwiraruiKcital  conditions:.  Efor 
Eijtaoiijte.  a  -ciinyari:  winch  uses  (Icy  alnasivr  IJaHlirry  for 
paint  removal  woud  hue  BMPs  to  prevent  the  contact  of 
blasting  lEutenaJ  with  iteflM  water.  Ttte^e  Ktivity-Sperifk: 
BMPs  may  also  contain  numerical  limits  tor  contaminants 
present  in  iIk  paint  or  blasting  material.  The  Numcric-.il 
bmits.  wruld  bp  Kis^d  upicn  B-fJ.'llEJ  (hat  wnajhl  L-ensirbr 
WQC  and.  characteristics  of  the  receiving  water. 

B2 


ECO  logical  I  Risk  Assessment 

TIk  ER\  Bid;  Asw&Fmefit  Eorum's  'E^amevitiiA  ijr  Eeo- 
kiEtra!  Risk  Assessment”  (EPA  IMIZ)  is  mtended  to  pro¬ 
vide  a  kigieail,  iniitinfi  simcture  for  condiKong  odi  as¬ 
sessments.  The  fraineworh  (also  known  as  EcoJfiidt}  is 
intended  to  be  general  with  rr¥pw.t  to  the  nature  ef  die 
stresames  and  tht?  ccobaicaJ  systems  imotw^d,  Tl*  frame¬ 
work  consists  of  tliree  major  LranpH.wmta;  Fr-obfem  Ebr- 
mulalkm,  anaiyxia,  and,  ri sit  charac tens atim.  F'nitfern  Ihr- 
niulaiyin  identifies  potential  atresstrs,  wofoiiical  effects, 
and  ecosystems  at  risk  to  initially  define  the  ititur*  and 
acteiiL  d  the  pnfofcm  A  stressor  js  ctefiieri  as  any  physi¬ 
cal.  chcmicaJ,  a  bjokjfpiail  entity  that  can  induce  advciKi; 
eodojgjtal  effects  on  irriiri duals,  popukliuiis,  anumuni- 
beis,  nnd.'er  entire  ecosj/steitia  (l^  ,  receptors)  (Nartan 
ct  al.  1M2).  Analyvi!  cv-jifeatics  the  significance  sT  expo- 
siEre  in  rcratrypcal  effects  and  ultinuitriy  tads  to  the  de- 
vetopmcnl  of  eorr lisLlnius  between  stressor  tspfi&uie  #nd 
recuptHir  response,  Kisk  chari-TeftiJiLicrn  inwfces  a  sjti- 
Ihesisof  the  stresaci  -cximsure.'neocptor-rtjspoHise  niktr. 
matiou  to  deimninc  the  likciibciod  of  brsa^TTpiice  of  ad¬ 
verse  eoriojpcal  effects. 

Ecological  risk  asi^sssment  is  often  associated  with  the 
reinedCuiijn  of  hazardous  waate  rib™  ?md  is  apphed  uikfcr 
the  Kcsourice  Consra-ration  and  Recovery  Act,  tlte  Com- 
paolabiMivr;  EnvfeonnscjiteJ  Kespcaise,  CLimpmtiticn  and 
l.uibilcty  Act  (Le.r  Suptarfuini),  and  the  Hazardous  and 
Solid  Waste  .AmendmefU*  of  IM-I  lode  ted:  nor  mceptabk 
ctoanup  criteria.  More  impfirLant.  the  EPA  also  uses  a 
form  d  eceJftjpral  risk  assessment  to  establisb  chiTnical- 
apedSt  water  qualky  critaii.  Fn  a  single  contamtnaiu, 
acute  and  ehrodc-  iindoity  data  has  been  collected  nr  com¬ 
piled  try  th?  £Stt  for  a  number  fta.  IS  m  SO)  of  highly 
sensitive  aquatic-  orgoausins.  Ihe  range  of  species  tested 
is  selected  to  represent  “generic"  aquatic:  eocegstems  in 
if*;  United  btates.  WQC  iit  earii  raHitamkiant  are  ifetei- 
mined  by  pfolting  ;t  leuressfon  for  the  feibi  fowesi  toric 
ccmetaKraiions  and  estimating  the  lethal  ctxwrrtraboD  km 
Mb*,  of  teat  species  (LC^)  c5vcne5.pondiqE  to  the  fiftli  per¬ 
centile  (WERF  JS96).  WQCr  tfieratm,  ace  risk-based 
aid  cirnnTKiinity-based  because  lien,'  ur  rfosijmed  to  pro- 
tecl  at  least  9SrA  ef  tho  species  tested, 

SURVEY  INSTRUMENT  AND  METHODS 

Survey  Respondents 

A  siney  was  conducted  to  detentmaf  Ynvt  state  regiiLa- 
tory  agencies  uid  Elft  reskmal  defe-rminc  KPDEB 
iluii:. 'n,.  .:jl  linutsand  monitoring  requireHKiits  foe  sUpbeild- 
ing  and  repair  facilities.  Spites  and  Flly,  n^gions  bordering 
a  majix  timly  of  water  initially  contacted,  feyulabiry 
aRnKte's  were  reached  by  pboiie  aid  a  CHtotiict  poraon  with 
NPDESpetfrnit  writm  renpotia  tit  lies  was  identified 
within  «(ch  agency  Tib  maximize  response  rate,  thtt  ran- 
tact  persen  was  nntifiEsd  when-,  tbsy  would  receive  (he  sur- 

Wseei™  NAVAL  INGtffEEIte  JUURKH 
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■*=>■  wd  V  jppKntmenf  h)  far  dBcusaicm  erf  sod 
response  to  the  survey  twer  the  iJhjhe. 

Of  the  3(0  mates  otnaocd,  1?  wm  salt  the  sumey 

toed  nn  rhrtr  Having  cumcmy  active  Bhfpyfttdd  withai 

their  aatc.  Of  these  E  stated,  IB  reripaafcd,  Uni  statofl 
whieh  lune  shipyards  within  their  juriedictBn  are  dele- 
Htoed  nut honiy  to  write  NFDES  permits.  umlIce  Uk  CWA. 
Only  ERA  RujlicMliE  x  %  ami  b  currertty  write  NFDES 
pen riiis  kr  Jupyurds  and  thus  partcipitcd  in  the  survey 
TWi  states  (California  and  Florida}  have  tfaHefent  ■  eqponaJi 
''th:ci  which  write  paitiks  b  Hmnnk.  Theac  offices 
were  ciantotod  rfbnctiy  and  those  which  reaponfed  to  the 
survey  m  California  were  the  San  Bfego.  Lei  AnpiiM.  and 
Sin  Fhirrtsco  return;  the  respmdH'i.-n  m  Klonda  were  tlx 
Central  :ud  hantooKi  ifadncts-  Atawthec  23  federal  and 
state  jimnce  rcspcmkxl  to  the  survey  I'M*;  IX 

Survey  Instnjnrwrt 

Tto  survey  included  an  introductory  pufapra^h  KxpJaining 
the  E-unt-y.  the  types  ii  queitan  Hat  wrr  to  hr  naked, 
and  i  that  tffossarjt  to  insure  both  the  questioner  and  Lbn 
re  sptinder-1  referred  to  the  same  definitions  (Kllwnnd 
1S9TJ.  The  first  set  of  <t**tk*i*  dealt  with  tow  NPEES 
p^idt  LumdnxinK  are  established  far  inluBtry  in  praraJ. 
The  next  set  of  questions  boused  on  tow  Mil  )KK  permit 
coodkicns  are  estahrfLitod  specifically  far  the  shipbuilding 
and  re] tin  industry  The  last  set  of  question*  ck-:i! !  with 
line  amticatiati  of  sn  ecoio@c*l  risk  atJeMmcnC  to  the 
development  of  a  ah^yaid  NHJfcS  permit. 

Qutkckish  were  bawd  on  inlbnufitjoni  from  {Jrilii  ahar? 
phono  comrrsabtms  with  perswind  at  reptbtory  agencies 
and  k  the  shiphalding  industry  and  on  the  TfeeJmical  Sup- 


ixn  Dficument  far  Iteter  Dbatn* -based  Thra.-*  Control 
(EEA  1981).  The  tmwy  mu*  fr+nrstwl  b y  i  state  regu- 
iahv  Liniihar  with  writing;  NFDES  permits  far  siupyanL,. 
The  first  sh^yard-spectfi;  quesLaii  (Uuestaxi  *  12.  diDwii 
bebw)  was  deeped  to  determine  the  most  ootnmrai  j  eg- 
ufartiry  ™i  bods  used  to  SCt  1'iiUijo'kai  lii  iuLs  and  rmaetor- 
mfi  requirements  b  ahipyacd  NPDEty  ptmute.  Krficw-up 
questions  aaktil  far  mere  detailed  mtormauon  fe^dihng 
each  ru'fpilacfry  method  checked. 


Wlfchrf  The  fblkjwHiq  app«SKh«  ar*  uu<l  byyeur  #®ency 
in  Mvotoping  NPDF3  peemiulor  rflipyard*7  Check  ill  which 
apply 

□  chemkal  tpacillr  wavr  quality 
CTtHril 

Q  chetnKAl  tparilic  sedinwon 
quality  tritoria 

Q  whole  effluent  go*  ■city  (WCT) 
tfltutl 

f  r.'ainq-nj  i  nA  aMcwiwict 
tHfU*  pntVUi 
prrtreatmcnt  itancurds  far 
PriTW 


B 


Q  tvrrfogiul  arena 
IbtMrttqrljg 

□  nvqnment  of  rnung 
win 

n  fleit  Management 
Prartk« 

C1  Bert  PlrrfErsnnfll 
Ajdgmant 
Q  bknunvyi 


RESULTS  AND  DISCUSSION 
Shipbuilding  and  R*(>alr  Industry 

The  miijiaity  i.q  reBpondoKS  to  Qieukd  #lil  answered 
that  a  cotiibtikdLkai  of  lIieiil>'jiI  s,]iTHilk'  wjicr  quality  cri- 
teria  m  of  Z3  mcpcnfartlt).  DPI  fS  of  £3)  m  d.  EMI1* 
l>P  of  Z3)  are  used  moat  heqikaitiy  in  witif  NtVES 
pennits  be  ahipyards  HMlfe  IX  Chernicai-spccifk'  WQC 
wen  used  to  act  numencaJ  limits  and  were  rfim  ckxiwd 
few!  sowsul  refcrencea.  For  exain^,  2Q  rf1  the  £1  re- 


TASLE  1 


Regulatory  methods  used  to  write  NPWi  permits  for  (he  5h ipbu ildirtg  and  Repair  Industry 
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spoctdenta  using  WQC  incluaii'd  tiiat  chemical -specific  iuj- 
inctKfli  limits  w«e  derived  fp-ini  state  WQC,  wiufc  erjjfit 
ussd  federal  Wfj(J  referenced  iu  Lite  "gild  hoc*"  [ERt 
]9flfi).  £  sftectl  of  those  ft  x|xu  sle-il  x  using  WQC  indicated 
that  e  be  mi  cal- sped!  be  numinrjl  limits  wens  cfetertnirasd 
bv  calculating  tr* ■  fordo gy -td Wfl  cntCLij  and  water  qmjlity- 
hascd  criteria  and  selecting  life  irtWe  alnner^raf  limit, 

Kes pendents  noted  tlmi  Rest  /'refcssicnal  JucJtfji  hmvi 
Utilises  3  COrnbinaLmt  of  appr-usdles,  51Kb  39  rduam-e  cm 
historical  uiduxtry-speciiic  data,  chenbtal  arudixcs  of  the 
totality's  effluent.  WET  tests,  waterstoHrl  waste  load  aife- 
cations,  h^rodynaniK:  nuHixlirjj;  pT  tltc  receivu^J  water, 
and  ttobgLc-aJ  Btanfacine  of  the  receiving  water  commu¬ 
nities. 

Hexpondcnts  seated  drat  a  set  of  fiMris  would  often  Ik; 
mduded  in  a  NPlJES  permit  for  3  specific  shipyard  activity 
or  locattort.  Rir  manTpfo,  several  BMPs  which  brus  an 
tlte  Lfirrirrl  rtf  abrasive  blasting  nubmr^,  paints  and  furih;, 
:cnd  on  the  segregaLkui  uf  jpate  leakage  water  from  ain> 
Isaninared  stoma  water,  could  be  rcqruiied  for  and  asswei- 
aled  wrtJi  ;l  grnvinR  dork's  activities  ard  discharges. 

A  number  of  reapootfenta  also  mentioned  that  Lise  ElA 
has  proposed  jiaLiniud  eHu^nt  limit  ptidc.iiteK  are!  stan¬ 
dards  bn  ite  Metul  Products  and  Madtatery  I’fetse  I  Foiri 
tr>.iuu i:l-  Category  {EFfl.  UBS).  Tin  ^pbnifoing  and  Repair 
InAisfry  Point  Source  Catoarry  fo  mduded  within  Fthaw 
]]  of  this  initiative.  [mtL-ddatarDUecuon  for  Phase  ]J  ho  gap 
in  January  1996-  Further  detoik-d  chaftKterfoaifofi  5ti*the& 
i  t  (aiHJLJirs  that  represejH  Llitf  Hhiplxrildmg  and  repair  hi- 
iustiy  are  tentatively  t±iranr-H  far  iK)7  and  prapiiswd  ef¬ 
fluent  limits  txeilii'be  expected  within  five  >e;irs  (Campbell 
lSSti). 

f  n<fu*try  in  General 

yuoscion  #  L  of  die  survey  was  identical  co  Ques-lkci  #12 
citept  it  wils  :ip[±rd  to  industry  isi  yprwsaL  Miist  rrRii- 
l:ii. i  ■■  y  jnHhotls  used  in  witting  NPDES  permits  br  indus¬ 
try  in  RCiKirai  aie  also  ai^ilit-d  tn  shipyard  fTabk-  ii); 
howeter,  a  few  difterrm-ies  wrrd;  found  for  the  alkp budding 
and  teyfiir  iraJustry  ITtO  1ISC  of  bioefiteria,  li«isurveys, 
lIskut  anises,  and  WET  testa  are  all  applied  less  £re- 
tjuontly  to  sltip^'arda  iIudl  tn  industry  m  gcncraL  The  use 
of  rnbung  aOrtes  tic  dir  term  inirur  dtCUtkaL-SpeCdfu:  numer- 
ical  limits  ms  also  applied  Jess  trequendy  te  shipyards  flu 
of  £3-1  than  to  industiy1  in  general  (a)  nf  23). 

Biological  Monit&Hng  Requirements 

fimloidral  nwnitorinff  rtquiremiaiis  are  used  nairt;  fre- 
T-umt!)  for  industry'  ul  geuei  jI  Limn  fur  ^nipmrds  hcratisc 
jitany  other  uilusLriea  have  hnglifi  -priority  twflutants  ptfo- 
iaaii  m  Lheu  tteKhiarj5e5  Ihaoi  shipwards.  For  esajnpfe,  due 
to  the  bbaocimnilative  potential  of  Aeun,  Fkmifa  uses 
tissue  analyses  lit;  KMlKS  permit  mnrlilHKis  tit  tlic  pulp 
and  giaper  industry'^  waotemtCT^  fNotlc  19%).  Tllfi'  con¬ 
taminants  of  p«mtial  concern  associated  with  shipyards 

9i 


are  priniurtfy  lieavy  metals  <C.g..  <X  Pb.  Zh>r  an: I  urgan- 
ks  te-yp..  po^cydic  aranauc  Ityrncarlmim  (KVHs))  to  a 
fosscr  degree.  WET  tewLs  may  also  Iw  applied  less  fre¬ 
quently  Cu  : J 1 1 - 1 y; i t r I ; ;  [16  of  23)  than  10  industry  Ul  general 
i22  of  23)  because  cheae  teats  are  ntmLicinri  under  frosb- 
watcr  condi tiuii.  wiiile  many  Khipywrds  discharge  In  ma¬ 
rine  eij-n;:iirix:ie.F.  When  WET  teats  are  apfrfitsL  b>  shdp- 
yards.  lishes  <p.g.t  fatlicad  minnows) ,  free  sswinuning 
arvrrtehratea  (e.  g.  r  amphqpodiO.  and  .sessile  invcrtebiates 
fc.S  r  mussels)  are  i-he  most  common  receptor 
iBausik  1397  Ifron  FStapamcL  ]y9f>,  ILnmil  !PWr 
Jhiajig  1W7.  Martin  liSfi,  liase  1396.  ThanaH  Vmr  Wj 
19%).  In  ail  state*  xurcryed.  bicfojpjcal  monitoring  *1  the 
reoeivatg  wnten-  ist  not  required  pf  tile  indusLry  hn(  is  per- 
frirmed  by  the  regulatory  agenty  in  mnftrm  that  adeetse 
■efibeta  foem  poUuLiint  me  nnf  occurring 

Application  of  Mixing  Zones 

A  muting  Mine  defines  a  perimetei  in  i±k  reooiving  water 
mtHDid  a  poind  diacharge  in  wJurih  acute  andvw  dirtnn 
wye  may  be  esicteecfecl.  Tto-  ER\'e  assumpunn  tn-  jlforw- 
irig  mixing  aaiex  was  that  "a  small  area  el  rairventrations 
in  eKLK¥s  of  acutte  and  chronic  but  below  acmely 

Emfic  releases,  caii  ad»t  without  causing  advisiae  efforts 
to  the  owral  water  hody"(ERlL  i^lj.  BasucalJy  tbeWQC 
are  irppltef  at  the  edge  of  tte  cuxirtg  ipne  ciitead  of  at 
the  end  cf  the  pipe  Sikl  prrrvide:  the  thscharjljer  Willi.  ;i£i 
iuMitienal  dilutioiL  fiaetia-.  I"he  EE^.'s  fenrnJilas  (is  akubt- 
ing  mixing  aomes  nppfy  only  to  rivers  <EI^\  1931  not  to 
liarilmos  or  estuaries,  which  priiiaUy  tvrplama  isyfft1  mUrr^ 
irrncs  arc  used  less  freriuently  with  shipyards.  Seven 
the  10  respdfkfenix  nMng  mixirtg  aoites  m  Lteir  ^li^yard 
permit-'  xtnted  that  the  mixing  ruits  lire  detenrined using 
i  steady-state  hydrcsJuTiiintj::  mrxtrf  in  combuiatkci  with 
tield-scaJe  studies  for  model  valktaticsL 

Sediment  Monitoring  Acquirements 

Chi'mKal-sjKcifie  sedintem  quality  criteria  (SQC)  ire  ap¬ 
plied  by  South  Carolina  and  W%ihEtgtoll  10  ail  nJustriw, 
inJading  diqtyardls.  while  Hawaii  only  apjJies,  Si>t'  fo  cer¬ 
tain  |:n:irity  industries  I.FiLipacridc  1396,  Shelley  1937 
Wiring  l4»j).  TlK  San  Ijwrgtr  Ifogjonal  tthtEI'  BeSnuixtcs 
Control  Board  requires  sediment  monitoring  Ln  their 
HPWiS  [KHTuit^  fot  shipyards  but  they  ilt;  ™.n  apply  SQC. 
Lustead,  the  sediment  moaistornig  rlata  is  used  (ode ter i lime 
whnt  areas  adjaccnL  In  a  shipyard  are  CMTtanLuiited  aril  if 
there  is  any  trinid  m  m^hitant  accumulatioo  tEfouswt  19%}. 
U  a  ckqxixrtfosial  area  around  an  outfall  i*  sn™  to  be  heavily 
EaJhited.  corrcetive  action  wimld  be  required  to  pres.'erfl. 
any  further  aashmtsii  c:snUirr.in^iiiYn  TTik  corrective  no¬ 
tion  could  vary  from  the  implcnemtattoji  □£  additional! 
KM!3*  nr  to  site  remedLation  {e.g.,  dredRing},  The 
NlHlfiS  permit  xcoa-ieineni  tir  industries  tou>aruti)tf  sed¬ 
iments  aiertva  re^pufatney  ngmcitB  to  cdect  data  ta-  the 
future  pftDtixdtpitfori  <jf  SQC.  Dm  questtorts  asked  sspecLT- 
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Regulatofy  methods  used  to  write  NFDEV  permits  tor  Industry  in  general 


icalfy  about  tin;  .i|.i|:Jji.  jliuji  ::C  !-HijL  .,iaJ  did  notaJdreaa  lIn> 
m?e  basic  assoc  of  sediment  mruiilcmng.  Tlnciefcrc.  the 
number  (A  state  acutes  wludi  requir*  s^iln  iimii  nwnni- 
berimf,  but  do  not  apply  SQC,  may  have  been  Hinder  re¬ 
ported. 

Additions]  questions  were  asked  about:  the  dcvefcfpfncrt 
of  SQC  diet  their  In  In:  h  use  m  N'E'lJtKS  [ttrmibj.  TIk1  R  lift 
has  focused  cm  vstabusnLng  StJC  ice  organic  contaminants 
using  -: ■  ■  ! ■  1 1 1 : 1 1 r l. i r in  inrlLlmciirig  (hjiP>  (Thltmi  el  *1.  Y991), 

The  EqF  approach  presumes  that  the  partitioning  otf  Hit; 
nontiimmamt  between  sediment  organic  carbon  and  pore 
water  is  at  equilibrium,  and  that  life  per?  water  conetn- 
tTTVtHjn  is  bkurvaflable.  A  similar  approach  has  been  con¬ 
sidered  tor  inorganic  eentanunajus.  where  the  aitHium.  d 
sent  volatile  siiiide  <AVS)  ps  preMmxd  to  control  the  bio- 
qvdila'siLlv  of  sediment  -associated  metals  (DTIbro  et  ad. 
1  Wl'S.  While  no  national  bQC  currently  CM-st.  ^slHngt™ 
has  developed  a  sediment  quality  pmograni.  which  include:! 
the  establishmeral  of  sediment  impart  hotcs.  sediment 
KHxiid  u  >ii|;  i  eij.i::  ki  Kiif.u,  cheunkal-specmc  SQC.  and  sed¬ 
iment  clean  up  criteria  fWftti  17J-HH).  When  respondents 
were  4xkexL  win.-:!  Ilmir  figKrtCy  was  |.?::eip  to  ifcvej  ip  and 
use  -HhC.  three  said  they  currently  are.  four  said  within 
Z  'A  year ant;  raiiiJ  within  5-Kf  yKirs,  i  mu.-  SilkI  wjUuh 
10-25  years,  two  said  never,  and  the  rest  were  unsure. 


Ecological  Risk  Assessment 
Hcguiremerlts 

An.  ecok^'-al  risk  assessment  was  rcmriuitied  by  (be  Naval 
Comma  ml.  Control  and  Ocean  Surveillance  Center, 

HAU&L  EhlUUfFFl!  JOURNAL  tttrtH  IKS 


RDT&E  EMvWoi  (NRiD)  and  the  Klft  to  measure  the 
ecological  offsets  of  contaminants  reused  imiti  Ftnrt.*- 
niMiiJL  NhvilI  !>hiprKard'(Kjttieryi  ML  Ion  the  adjacent  Croat 
liay  Estuary  {NEteD  and  EFA  Mf-i!'.  Tins  study  was  [h-.t 
turned  !n  determine  where  cunla mi rants  would  accumu¬ 
late,,  measure  exposure  kivul*.  .uhJ  evaluate  wfw'Jrcr  cun- 
lanqnants  were  adversely  affecting  the  ccotoo  of  the 
estuary.  A  network  cA  stations  was  tsialii.-J^L  in  ri^jisure 
chemical-specilic  water  column  and  sediment  cojtenira- 
iK.t'ib  and  assess  impacts  MIL  ruarate  plants,  inwrletrales* 
and  rish,  The  pelagic  (bouiufer),  epibenthk  (lobster),  m- 
VL'CUibib.h!  (miiHseis,  un::ib|>HlKl.  und  edgpixs  commu¬ 
nities  were  identified  a*  ecosystems  potential!'!  at  riak. 
TIk  .dual  asseaantem  endytkiiL  weuliJ  lie  tn  prnted  all 
these  crtmrumjtks  firren  adverse  ecological  dfecca  from 
the  shipyard's  activities.  However,  quannPialsJe  mea- 
suremcni  endpoints  arc  required  to  com  pie  to  a  risk 
asseasmeid. 

Measurement  endpoints  ran  be  developed  a  number  rtf 
ways  .aid  to  varying  degrees  of  compteitky.  Fbr  example,, 
water-cdumn  toxicity  could  be  meamired  wrUi  a  sea  urthm 
i«r  lilueiiiiim  assay  nr  by  hah  abundance,  eoiuhtion  and  tis¬ 
sue  anafe'&es  Sediment  tenacity  cmdd  be  men  so  red  with 
an  ;l:i  i|:J  n|>:>:l  ueuLe  :iMiidlir  v  test  <x  by  an  evaluation  Oft 
infauna]  benthic  commimiiy  structure.  The  EPA  ami 
NRaD  oixiiSiKfei)  an  intenaivia,  demonstrative  study,  and 
therefore,  evaluated  a  TanKt'  oT  these  eothwims.  JTie  re. 
suits  d  Lheir  iiHaensntau  revealed  that  the  contaminanls 
o A  potential  concern  are  heavy  metals  (Or,  Ni,  I’ix  i!n) 

pnd  tM-jpuiics  LimiyidiliBiiUitei]  iiqjla^iyla  (PCBs).  FAHs], 
and  chat  irMbcatore  <A  ecefcigkal  stress  are  bmited  to  sed- 
imeik  deiNnsitxjnjd  iirras. 

as 
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A  major  fhtfpTSK  rJ  Ojr  project  was  to  dcbefi:ii™?  it  5 
cmnniKivfoL  or  Nava]  shipyard  [or  industry  in  gymem!)  could 
use  the  results  Irian  an  ecctogkal  risk  assessment  to 
it^itLiir;  HIDES  permit  renditions.  Obviously  an  Lndtwid- 
uai  company  will  nut  ha™  tin*  inchmeal  and  financial  rta- 
seurces  of  die  EfA  and  U,  5.  Navy  to  ccHuducL  an  isjc^KKal 
risk  assess  mem  as  detailed  as  tlu±  imp  fw  Ffortsnmxuh 
Nava]  Shipyard.  Howe-ner,  if  the  shipyard  airi  the  regula- 
tary  apt-ncy  collaborate  in  the  early  stages  nt  the  risk 
assessment,  eost-effeLiivu  decisnais  lORardinBaccepiali; 
receptor  jrjwrscs,  imsssirrcment  endpaii**;.  anl  monitoring 
strategies  could  be  mile.  Few  e*amjilc,  if  these  twu 
groups  catiaip™  on  the  most  appropriate  cJ^nH^il  stm- 
sne*  (possibly  Co.  Zjl  arid.  FJ\H&  fur  a  "lypicad"  shipyard), 
(hen  subsequent  chenriciil  analyses  required  ior  NPDES 
■_ 1. 1 li i |_i1l;i i >:  ; ■  rirnlH  focus  primarily  on  tlteBK  ai^lytcs.  AIscl 
monitoring  requirements  for  omnjjlisiire  could  shift  frnm 
chemical  ^end-Erf-prpe™  measurements  to  bioiogjal  mra- 
simunimi  itidpcimts  conducted  cm  sarri]iltcs  (fleeted  from 
the  receiving  water: 

Eferen  of  the  23  respondents  aakl  Livy  would  allow  an 
industry  to  rene^ai'iiK  its  HIDES  permit  limrta  bascud 
upon  an  ncnioEical  risk  assessment  at  dvr  tn-ifo/s  {fe- 
charec  Whets  reapmafcrts  were  asked  spcqifkalijt  when 
eciAipud  risk  assessment  will  be  used  by  Curir  ajpency 
for  N  PDEii  pern  tit  ting,  none  Bad  L-urnenily,  ■four  said  within 
2-D  years,  uue  said  wnTim  fs-lu  years,  one  said  never;  a.™] 
tln±  rtiK?  were  unsure.  Meat  reaptnufeni.:!  did  not  answer 
questions  regardii^  measurement  endpoints,  bur  the  few 
agencies  that  did  felt  that  a  number  otf  bicfciEiuil  ccitninu- 
nities  should  be  mcmitcitcd  ardu  ,Lwmgj!t-of-cyi{lciKe"  ap- 
pfuadi  be  fiikrumd  d^ase  1936).  This  lack  of  reEiilatory 
Erodaitcc  on  acceptable  rueaavrianurt  encipfymts  suggests 
that  the  ua«  of  an  tnno|(.ijjjak]  risk  assessment  tw  shipyut'd 
HFDE5  pcrmittHig  ■-trill  require  ^  uollabccaiive  effort  be¬ 
tween  (he  shipyard  aid  the  reguL-itrey  agency 


CONCLUSIONS 

A  survey  was  coctducted  to  doteminie  how  state  regula¬ 
tory  agencias  ;u-hI  ElA  regional  offices  determine  NTGGS 
Permit  conditions  Dir  the  shipbuilding  aiu!  isprir  irtdiistry, 
Rcsirlta  revealed  that  Lhe  regubitpry  methods  used  to  i?- 
vdi^i  Npik’:^  nroncrical  limits  and  monibxfty  reouirc- 
moKs  tor  Ehipyarda  or  uduKtry  in  ^'ncnl  do  not  vary 
greatly.  Hnwvrver,  hkilojpcat  mraiitoring  requinemHiiB  ;md 
[hi-  application  of  mhdng  sonea  are  applied  fexn  FrcqucTntly 
to  shipyards  eempsH-td  in  industry  m  Rcneml  In  addition, 
btfCause  the  ishipbtiildirwind  rciMir  industry  belts  ULimid 
offluenr  standards,  ond  Llie  range  ..t  »:hvntirs  and  pollii- 
caj’its  ttary  greatly  rumaip  shipyards,  regulators  muit  ib^- 
mm-  hcavj^-  on  their  iwn  Best  E^ufeKSkafil  Jtidutmcirt  for 
writing.  NEIfliS  iKamas  hr  this  m^istry  Ek^cn  of  (he  £3 
r«K(  Mire  font  !5  wss.dd  abw  an  industry  to  rt.Lj:tLjt*;  itr  pmmi 
limits  based  upon  ait  creutogirjil  nsk  assessment,  although 


fcw  ajfciKies  could  ifesmbe  wtuch  receptor  species  wuukL 
have  tr>  !»■  mnnitrecd  for  NFDE-B  cctntiriiu:K.  +■ 
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Chemical-specific  Water  Quality  Criteria 

Numerical  maximum  allowable  water  column  concentration  for  a 
specific  chemical  constituent 
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Whole  Effluent  Toxicity  (WET)  Criteria 

Chemical  criteria  developed  from  acute  and  chronic  toxicity  tests  to 
measure  the  toxicity  of  a  wastewater 
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Mixing  Zones 

Allocated  impact  zones  where  water  quality  criteria  can  be  excee  ded 
provided  acutely  toxic  conditions  are  prevented 
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Best  Professional  Judgment 

Determination  of  the  precise  effluent  limitations  to  be  included  in  the 
permit  based  on  site  specific  conditions 
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Best  Management  Practices  (BMPs)  &  Best 
Professional  Judgment  (BPJ) 


BMPs  are  practical  and  economical  techniques  used  for  control  and/or 
collection  of  pollutants  in  shipyards,  and  BPJ  is  a  determinatio  n  of  the 
precise  effluent  limitations  to  be  included  in  the  permit  based  on  s/'fj 
specific  conditions. 


Used  in  NPDES 
permits 
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Pretreatment  Standards  for  POTW 

Standards  of  treatment  for  industrial  wastewater  before  it  enters 
public  treatment  works  in  order  to  avoid  violating  treatment  pla  nts 
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Various  Other  Regulatory  Approaches 

Numerical  sediment  criteria  for  specific  chemicals,  monitoring  o  f 
the  biological  community  in  receiving  water  with  biocriteria  and 
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When  does  your  agency  expect  to  promulgate 
chemical-specific  sediment  quality  criteria? 


Already  have  criteria 
Within  2  -  5  years 
Within  10-25  years 
Unsure 
Never 
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When  would  your  agency  consider  allowing  an 
industry  to  renegotiate  NPDES  permit  limits 
based  on  an  ecological  risk  assessment? 


B  Currently 
Within  next  2  - 
Within  next  5  - 
Unsure 
Never 
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Survey  of  State  Regulatory  Agencies 

All  states  bordering  major  water  bodies  were  contacted  and  all  t  he 
states  with  active  shipbuilding,  boatbuilding,  and  vessel  repair 
facilities  replied  to  the  survey. 


Contacted  and 
responded 

Contacted  and 
did  not  repond 
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A  Shipyard  Program  for  NPDES  Compliance,  Nl-95-02,  Shipyard  Survey 


Introduction 

This  Shipyard  Survey  was  conducted  as  a  sub-task  of  an  NSRP  project,  A  Shipyard 
Program  for  NPDES  Compliance,  Nl-95-02.  The  mission  of  the  NSRP  project  is  to 
develop  a  tool  that  will  assist  the  shipbuilding  industry  in  NPDS  compliance,  pennitting 
activities,  standard  setting,  and  risk  management.  The  tool  will  be  in  a  fonn  of  ecological 
risk  assessment  model.  To  aid  in  developing  the  ecological  risk  assessment  model, 
shipbuilding  and  repair  facilities  were  surveyed  for  current  permitting  specifics  and 
requirements.  This  paper  presents  a  summary  of  the  information  gathered  from 
surveying  eight  shipyards  across  the  United  States. 

Methodology 

The  objectives  of  the  Shipyard  Survey  were:  to  survey  current  NPDES  regulated 
discharge  constituent,  concentration,  and  limitations  from  a  wide  cross-section  of 
shipyards  in  the  US;  to  identify  any  modeling  programs  that  are  currently  in  use  by 
shipyards  or  regulatory  agencies  related  to  NPDES  regulations  or  ecological  risk 
assessment;  and  to  assess  how  the  gathered  information  can  be  integrated  into  the  focused 
monitoring  program  model  that  would  result  from  completion  of  the  project  Nl-95-02. 

The  survey  was  designed  by  NASSCO  to  collect  information  on  regulating  agency, 
permit  type,  limitations  (constituents  and  numerical  concentration  levels),  monitoring 
requirements,  shipyard  site  specifics  including  existing  monitoring  data,  pollutant 
sources,  pollutant  pathways,  etc.,  and  the  use  of  a  model  for  point  or  non-point  source 
discharges.  See  Attachment  1  for  a  copy  of  the  survey  form. 

Eight  public  and  commercial  shipyards  from  the  EPA  regions  1,  3,  4,  6,  9,  and  10  were 
contacted  for  participating  in  the  survey  and  for  releasing  a  copy  of  their  NPDES  or 
equivalent  state  permits.  Six  shipyards  participated  in  the  telephone  interview.  The 
NPDES  permits  of  the  eight  shipyards  were  used  for  gathering  information.  Table  1  lists 
the  shipyards  that  have  participated  in  the  survey.  A  summary  of  the  survey  responses 
from  shipyards  is  presented  in  Table  2  and  3. 
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Shipyard  Name 

EPA  Region 

Atlantic  Marine 

4 

Avondale 

6 

Bath  Iron  Works 

1 

Electric  Boat  Corp. 

1 

Ingalls 

4 

NASSCO 

9 

Newport  News 

3 

Puget  Sound  Naval  Shipyard 

10 

Table  1.  Survey  Participants 


Results 

All  eight  shipyards’  operations  require  an  NPDES  or  state-equivalent  permit.  One 
shipyard’s  discharges  are  made  of  fresh  water,  and  seven  shipyards’  discharges  are  made 
to  brackish  to  salt  water.  The  receiving  bodies  of  water  of  these  shipyards  are  used  for 
various  purposes,  including  agricultural,  industrial,  and  recreational  purposes. 

Most  of  those  surveyed  felt  that  the  regulating  agency  used  best  management  practices 
(BMP)  for  developing  their  permit.  All  six  telephone-interviewed  shipyards  responded 
that  their  permits  were  BMP  based.  Other  commonly  used  approaches  mentioned  in  the 
survey  included  use  of  chemical  specific  water  quality  criteria,  federal  water  quality 
standards,  and  state  water  quality  standards.  These  findings  are  consistent  with  the 
results  of  the  regulatory  agency  survey  conducted  by  Penn  State  University  as  another 
sub  task  of  the  project. 

All  but  one  shipyard  were  required  to  monitor  discharge  effluent.  Most  common 
permitted  shipyard  discharges  included  storm  water,  dock  drainage  and  dock  dewatering 
water,  and  non-contact  cooling  water.  Table  2  summarizes  the  permitted  discharges  and 
numerical  discharge  limits  of  the  eight  shipyards.  As  shown  in  Table  2,  the  discharge 
effluent  monitoring  requirements  vary  considerably  from  shipyard  to  shipyard. 
Regulated  constituents  with  numerical  limitations  included  metals  (copper,  lead,  zinc, 
total  chromium,  and  tributyl  tin),  residual  chlorine,  phosphorus,  total  suspended  solids, 
oil  and  grease,  chemical  oxygen  demand,  and  polynuclear  aromatic  hydrocarbons  (PAH). 
Four  shipyards  are  required  to  do  additional  environmental  monitoring  (e.g.,  receiving 
water  monitoring,  biota  studies,  sediment  monitoring,  etc.).  See  Table  3  for  the  summary 
of  the  environmental  monitoring  requirements. 

Three  of  the  six  shipyards  participated  in  the  telephone  interview  responded  that  the  use 
of  a  quantitative  model  has  been  or  will  be  involved  in  development  of  their  permits.  For 
one  west  coast  yard  in  particular,  the  regulating  agency  is  using  collected  sediment  data, 
water  column  data,  and  toxicity  information  from  the  past  15  years  to  develop  the  yard’s 
proposed  new  permit. 
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All  six  of  the  six  telephone  interviewed  shipyards  carried  out  welding,  abrasive  blasting, 
and  painting  operations.  All  responded  a  presence  of  the  potential  for  pollutants  from 
these  operations  to  reach  the  direct  discharge,  airborne,  and/or  surface  runoff  pathways. 
All  six  of  the  six  telephone  interviewed  shipyards  employed  handwipe  cleaning  and 
vessel  cleaning  in  their  operations.  Five  shipyards  responded  a  presence  of  the  potential 
for  the  pollutants  from  wipe  cleaning  and  vessel  cleaning  operations  to  reach  the  airborne 
pathway  and  direct  discharge  pathway,  respectively.  All  shipyards  had  various 
combustion  sources  such  as  boilers,  compressors,  generators,  cranes,  furnaces,  ovens,  and 
cooling  towers  that  would  present  the  potential  for  the  pollutants  to  reach  the  pollutant 
pathways.  All  six  yards  responded  a  presence  of  the  potential  for  air  pollutants  from  the 
crane  operation  to  reach  the  airborne  pathway  or  oil  and  grease  left  on  the  roadway  by  the 
cranes  to  reach  the  surface  runoff  pathway. 

All  six  telephone  interviewed  shipyards  had  annual  training  programs  that  incorporated 
waste  management,  storm  water  management,  and  best  management  practices.  Four 
shipyards  had  additional  company  newsletters  and  “talks”  with  employees  to  discuss 
various  environmentally  related  subjects. 

Conclusion 

At  the  time  of  survey,  four  shipyards  were  in  the  process  of  renegotiating  their  NPDES 
permit.  Some  of  the  information  provided  were  extracted  from  the  proposed  permits 
rather  than  the  existing  permit.  The  proposed  permit  for  a  shipyard  in  the  Region  VI 
stated  monitoring  for  a  greater  number  of  metals  to  a  significantly  lower  discharge  limits 
than  the  requirements  of  the  previous  permit.  For  a  Region  IX  shipyard,  the  state 
regulatory  agency  emphasized  more  on  prohibiting  discharges  in  the  shipyard’s  proposed 
permit  rather  than  specifying  monitoring  requirements.  It  was  a  consensus  among  these 
shipyards  that  the  discharge  and  monitoring  requirements  were  becoming  more  stringent 
in  their  proposed  permits.  Use  of  a  quantitative  modeling  by  shipyards  or  agencies  was 
not  prevalent;  however,  many  survey  participants  believed  that  the  use  of  a  quantitative 
modeling  would  become  beneficial  or  would  be  required  by  the  regulating  agencies  in  the 
future. 
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Table  2.  NPDES  Discharge  Limits  of  The  US  Shipyards 


Shipyard  1 

Shipyard  2 

Shipyard  3 

Shipyard  4 

Shipyard  5  | 

Shipyard  6 

Shipyard  7 

Shipyard^ 

Permitted  Discharges 

Numerical  Discharge  Limits 

(Only  Constituents  with  Numerical  Discharge 

Limits  Are  Listed.) 

Fire  protection  water 

None1 

NA 

C12(200ppb) 

NA 

NA 

NA 

NA 

NA 

Shipbuilding  Ways  Gate  Leakage 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Shipbuilding  Ways  Wall  Leakage 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Shipbuilding  Ways  Flood  Water 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Graving  Dock  Flood  Water 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Graving  Dock  Gate  Leakage 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Graving  Dock  Wall  Leakage 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Graving  Dock  Hydrostatic  Relief 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Graving  Dock  Pipe  Test  Water 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Floating  Drydock  Deballast  & 
Emergency  Water 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Steam  Condensate 

TSS(30ppm) 

NA 

C12(200ppb) 

None 

NA 

o&g(  1 0ppm),TSS(30ppm), 

C 1 2(0.2ppm),Cr(0.2ppm), 

Zn(  l.Oppm) 

NA 

NA 

Salt  Box  Discharges 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Pipe  &  Tank  Hydrostatic  Test  Water 

NA 

NA 

C12(200ppb) 

NA 

NA 

NA 

NA 

NA 

Non-Contact  Cooling  Water,  Salt  & 
Fresh 

None2 

None 

C12(200ppb) 

None 

NA 

o&g(  lOppm),  Cu(0.019ppm) 

02(0. 2ppm) 

NA 

Fresh  &  Salt  Washdowns  of  Vessels 

NA 

NA 

C12(200ppb) 

NA 

NA 

NA 

NA 

NA 

Mise.  Low  Volume,  Non-Contaet 

Water 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Launchway  Point  Source 

Zn(5ppm),  o&g(15ppm), 
COD(lOOppm)3 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Treated  Ship  Ballast  Water 

NA 

o&g(10ppm), 

PAH(60ppb) 

NA 

NA 

NA 

NA 

NA 

NA 

Stormwater 

COD(lOOppm), 

o&g(15ppm)4 

NA 

C12(200ppb) 

TBT  ( 0.05ppb)-drydock 

o&g(15ppm) 

None 

None 

NA 

Boiler  Blowdown 

TSS  (30ppm) 

None 

Cu(72ppb),  Pb(399ppb), 
o&g  (lOppm), 
C12(200ppb) 

NA 

NA 

NA 

NA 

NA 

Graving  Dock,  Wetdock  &  Drydock 
Dewatering 

NA 

NA 

Cu(72ppb),  Pb(399ppb), 
o&g  (lOppm), 
C12(200ppb) 

NA 

NA 

NA 

NA 

NA 

Drydock  Drainage 

NA 

NA 

NA 

Phosphorus(  2 .  Oppm), 
Cu(490ppb), 

Pb(335ppb), 

TBT(0.05ppb) 

NA 

o&g(  1 0ppm)Cu(0.0 1 9ppm) 

NA 

NA 

Treated  Steam  Plant  Wastewater 

NA 

NA 

NA 

NA 

NA 

o&g( lOppm),  TSS(30ppm), 
C12(0.2ppm),  Cr(0.2ppm), 

Zn(  1  .Oppm) 

NA 

NA 

Cooling  Tower  Blowdown 

NA5 

NA 

NA 

NA 

NA 

NA 

Cr(0.2ppm), 

Zn(0.2ppm), 

C12(0.2ppm) 

NA 

Treated  Bilge  Water 

NA 

NA 

NA 

NA 

NA 

NA 

o&g(  lOppm), 
TSS(30ppm), 
Cr(0.4ppm), 
Zn(0.4ppm) 

NA 

|  NA  =  Not  Applicable. 

|  3.  Proposed  Req’t:  Requirements  deleted. 

None  -  Montoring  required  but  no  specified  numerical  discharge  limits. _ |  4.  Proposed  Req’t:  Add  Cd  0.1,  Cr  0.15,  Cu  0.15,  Pb  0.1,  Zn  1.0,  all  in  ppm. _ 

1.  Proposed  Req’t:  Change  to  TSS  50,  COD  50,  all  in  ppm.  |  |  5.  Proposed  Req’t:  Change  to  TSS  50,  o&g  15,  Cd  0.025,  Cr  0.075,  Cu  0.05,  Pb  0.25,  Zn  0.5,  all  in  ppm. 

2.  Proposed  Req’t:  Change  to  TSS  50,  o&g  15,  all  in  ppm.  | 


Table  3.  Summary  of  Environmental  Monitoring  Requirements 


Shipyard  1 

Shipyard  2 

Shipyard  3 

Shipyard  4 

Shipyard  5 

Shipyard  6 

Shipyard  7 

Shipyard  8 

Monitoring  Descriptions 

Environmental  Monitoring  Requirements 

Whole  Effluent  Toxicity 
Testing 

Dock  dewatering  water,  non- 
contact  cooling  water,  boiler 
blowdown,  boiler  feedwater 
&  condensate,  and  R&D  test 
tank  water 

Drydock  drainage  from 
drydocks  and  shipways,  non- 
contact  cooling  water,  air 
conditioner  blowdown, 
pipeshop  rinse,  and  storm 
water 

Drydock  drainage,  non-contact 
cooling  water,  &  treated  steam 
plant  wastewater 

Acute  Tests 

NA 

NA 

48-hr  static  test  using 
Invertebrate  (neonatal 
Mysidopsis  bahia)  & 

Vertebrate  (larval 

Cyprinodon  variegatus) 

48-hr  static  test  using 
Invertebrate  (neonatal 
Mysidopsis  bahia)  & 

Vertebrate  (larval  Cyprinodon 
variegatus) 

NA 

96-hr  static  renewal  or  flow¬ 
through  test  using  Silverside 
Minnow  (Menidia  beryllina)  or 
Mysid  Shrimp  (Mysidopsis  bahia) 

NA 

NA 

Chronic  Tests 

NA 

NA 

NA 

NA 

NA 

Using  one  of  the  following:  Sand 
dollar;  Green,  purple  or  red  sea 
urchin;  Pacific  oyster;  or  Bay 
mussel 

NA 

NA 

Sediment  Monitoring 

NA 

NA 

NA 

NA 

NA 

Required  by  WA  Dept  of 

Ecology,  Toxic  Cleanup  Program 
and  EPA  Superfund  Program 

NA 

Ar,  Cd,  Cr,  Cu,  Pb,  Hg,  Ni,  Ag,  Zn, 
TBT,  PCB/PCT,  PAH,  TOC,  TPH, 
and  paint  chip  analysis  for  metals 
and  TBT 
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Attachment  1 
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Facility  Name _ 

A  SHIPYARD  PROGRAM  FOR  NPDES  COMPLIANCE 

Nl-95-02 
Shipyard  Survey 

INSTRUCTIONS:  Please  answer  all  survey  questions.  Fax  or  mail  the 
completed  survey  to  :  NASSCO 

Attn:  Michelle  Won 
P.O.  Box  85278 
MS  22 -A 

San  Diego,  CA  92186-5278 
FAX  619-232-6411 


Part  A.  General  Facility  Information 

1.  Date  of  Completion  of  the  Questionnaire: 

2.  Facility  Name:  _ 

3.  Address: 


4.  Questionnaire  Completed  by:  _ 

5.  Telephone  No.:  _ Fax:  _ 

6.  Approximate  Number  of  Employees  at  This  Facility:  _ 

7.  Size  of  Shipyard: 

a.  Land  Area  _ 

b.  Waterfront  _ 

8.  Please  Provide  a  Diagram  of  Your  Facility 

9.  Number  &  Locations  of  NPDES  Permitted  Discharge  Points: 


10.  Number  &  Locations  of  Storm  Water  Outfalls: 


Part  B.  Body  of  Water 

1 .  Name  of  Receiving  Body  of  Water: 

2.  Salinity,  if  known:  _ 

3.  Depth,  if  known: 

4.  Temperature,  if  known:  _ 

5.  Current  Speed,  if  known:  _ 

6.  Any  Additional  Information: _ 
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Facility  Name _ 

Part  C.  NPDES  Permit  or  Equivalent 

1.  Does  Your  Facility  Require  an  NPDES  Permit  or  Equivalent  State  Permit? 


If  “Yes”,  Please  Provide  a  Copy  of  Your  NPDES  Permit 

2.  Regulatory  Agency:  _ 

3.  What  Approaches  Were  Used  to  Develop  Your  Permit?  Please  ‘V’  all  applicable. 

a.  Best  Management  Practice  (BMP) 

b.  Chemical-Specific  Water  Quality  Criteria 

c.  Chemical-Specific  Sediment  Quality  Criteria 

d.  Whole  Effluent  Toxicity  _ 

e.  Effluent  Monitoring  _ 

f.  Receiving  Water  Biological  Assessment  _ 

g.  Federal  Standards  for  the  Shipyard  Industry  _ 

h.  Federal  Water  Quality  Standards 

i.  State  Water  Quality  Standards  _ 

4.  Permit  Structure 

a.  Is  BMP  Plan  Required?  _ 

b.  Is  Effluent  Monitoring  Required?  _ 

If  “Yes”,  What  Are  Regulated  Constituents  and  Their  Limits? 


c.  Is  Environmental  Monitoring  (e.g.,  Receiving  Water  Monitoring,  Biota  Studies,  etc.) 

Required?  _ 

If  “Yes”,  Please  Specify: 
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Facility  Name 

d.  Is  Sediment  Monitoring  Required? 

If  “Yes”,  Please  Specify: 


5.  Modeling 

a.  Did/Does  Your  Facility  Use  Any  Kind  of  Quantitative  Model  in  the  Development  of 

Your  NPDES  or  Equivalent  Permit?  _ 

If  “Yes”,  Please  Specify: 


b.  Did/Does  the  Regulating  Agency  Use  a  Quantitative  Model  in  The  Development  of 

Your  NPEDES  or  Equivalent  Permit?  _ 

If  “Yes”,  Please  Specify: 


Part  D.  Shipyard  Processes  &  Material  Usage 

Please  ‘V  ’  the  operations  that  are  carried  out  at  your  facility. 

1.  Welding 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

a.  Direct  Discharge  Pathway 

b.  Airborne  Pathway 

c.  Surface  Runoff  Pathway 

2.  Abrasive  Blasting 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

a.  Direct  Discharge  Pathway 

b.  Airborne  Pathway 

c.  Surface  Runoff  Pathway 
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Facility  Name 


3.  Painting 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

a.  Direct  Discharge  Pathway 

b.  Airborne  Pathway 

c.  Surface  Runoff  Pathway 

4.  Plating  &  Surface  Treatment  Operations 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

a.  Direct  Discharge  Pathway 

b.  Airborne  Pathway 

c.  Surface  Runoff  Pathway 

5.  Cleaning  Operation 

a.  Hand  Wiping 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

b.  Ultrasonic  Cleaning 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

c.  Steam  Gun  Stripping 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

d.  Vapor  Phase  Cleaning 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

e.  Vessel  Cleaning 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

4)  Airborne  Pathway 

2)  Surface  Runoff  Pathway 
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Facility  Name 


f.  Other,  Please  Specify 


6.  Combustion  Sources 

a.  Boilers 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

b.  Compressors 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

c.  Generators 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

d.  Cranes 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

e.  Fumaces/Ovens 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

f.  Cooling  Towers 

Potential  for  Reaching  Pollutant  Pathways?  Please  ‘V’  all  applicable. 

1)  Direct  Discharge  Pathway 

2)  Airborne  Pathway 

3)  Surface  Runoff  Pathway 

g.  Other,  Please  Specify _ 
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Facility  Name 


Part  E.  Human  Factor 

1.  Trade  Personnel  Turnover  Rate,  if  available:  _ 

2.  Employee  Training 

Description  Frequency  &  Duration 

a.  HAZCOM  _ 

b.  Waste  Management  _ 

c.  Storm  Water  Management  _ 

d.  Best  Management  Practices  _ 

e.  Other,  Please  Specify  _ 


Additional  Comments 
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MEDLEY  USER’S  MANUAL 

for  A  Shipyard  Program  for  NPDES  Compliance 


Linking  and  providing  user-friendly  access  to  the  incorporated  models: 

1.  PSRM-QUAL 

2.  B.E.S.T. 

3.  ECORISK 


Developed  at 
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May,  2000 
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William  D.  Burgos  and  Gregory  J.  Lorinc 
Department  of  Civil  and  Environmental  Engineering 
The  Pennsylvania  State  University 
University  Park,  PA  16802 


1.0  INTRODUCTION 

Three  modeling  programs  were  developed  to  aid  facilities  in  determining  and 
reducing  the  risk  posed  by  their  facility  activities  on  the  organisms  within  an 
adjacent  body  of  water.  PSRM-QUAL  calculates  the  flow  and  concentration  of 
pollutants  from  a  facility  into  a  body  of  water  over  time;  B.E.S.T.  predicts  the 
dispersion  of  those  pollutants  throughout  a  body  of  water  and  into  its  sediment; 
ECORISK  predicts  the  risk  of  the  pollutants  to  organisms  living  in  the  body  of 
water  and  in  its  sediment.  MEDLEY  is  a  fourth  program,  a  user-interface  that 
has  been  developed  to  link  the  three  modeling  programs  and  to  make  data  and 
file  manipulations  easier  for  the  user. 

In  this  brief  User’s  Manual  the  user  is  provided  with  a  quick  overview  to  allow 
adequate  understanding  of  each  model  to  allow  immediate  use  of  the  program. 
In  additional  a  tutorial  has  been  included  which  takes  the  user  through  all  steps 
of  the  MEDLEY  interface,  viewing  each  form,  demonstrating  entry  of  data  and  file 
selection,  and  running  of  all  three  technical  models.  For  further  information,  the 
original  PSRM-QUAL  User’s  Manual  and  the  complete  B.E.S.T.  documentation 
are  attached  as  Appendix  F  and  Appendix  G,  respectively.  As  the  reader’s 
familiarity  with  the  three  models  increases  and  the  need  for  more  advanced 
modeling  features  are  required  (e.g.,  inclusion  of  effect  of  BMPs  on  runoff  quality 
or  the  selection  of  different  nodes  within  the  bay),  the  original  PSRM-QUAL 
User’s  Manual  and  the  complete  B.E.S.T.  documentation  will  be  required. 
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2.0  MODULE  OVERVIEWS 


2.1  MEDLEY 

MEDLEY  is  a  Visual  Basic  program  developed  to  link  the  PSRM-QUAL,  B.E.S.T. 
and  ECORISK  modeling  programs,  and  to  perform  many  complex  data 
manipulations,  data  and  file  conversions  and  formatting  tasks.  As  shown  in 
Figure  1,  MEDLEY  provides  the  main  menu  from  which  to  run  all  of  the  technical 
NPDES  modeling  programs.  It  also  performs  many  tasks  that  would  otherwise 
require  many  hours  of  manual  data  manipulation. 


Figure  1.  MEDLEY/NPDES  model  interrelationships. 


2.2  PSRM-QUAL 

The  Penn  State  Runoff  Quality  Model  (PSRM-QUAL)  was  developed  in  1995  for 
the  Pennsylvania  Department  of  Environmental  Protection  to  characterize 
contaminants  in  urban  runoff.  This  program  can  effectively  model  the  transport 
of  contaminants  suspended  in  a  flowing  liquid  -  analogous  to  sediments  being 
disturbed  and  transported  via  a  storm  event  at  an  industrial  facility.  This  model 
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was  chosen  for  the  current  NSRP  project  for  several  reasons  -  it  is  accurate, 
relatively  simple  to  operate,  accepted  by  a  state  regulatory  agency,  and  better 
suited  for  impermeable  surface  flow  than  other  storm  water  models  that  were 
considered. 

PSRM-QUAL  is  a  Microsoft  Quick  BASIC  computer  program  that  calculates 
hydrographs  and  pollutographs  for  a  specific  watershed  associated  with  a 
specific  storm  event.  The  model  works  best  for  an  impermeable  watershed  (e.g., 
paved  parking  lot).  As  adapted  for  this  project,  the  PSRM-QUAL  model  will  be 
run  for  each  discrete  drainage  area  within  a  site  for  each  rain  event.  For  a  site 
with  multiple  outfalls  (e.g.,  n)  which  drain  n  subareas,  PSRM-QUAL  should  be 
run  n  times  for  each  storm  event.  To  model  storm  water  inputs  for  a  whole 
season  or  year  (e.g.,  m  storm  events  over  a  6-month  period),  PSRM-QUAL 
would  have  to  be  run  a  total  of  n  x  m  times.  Because  of  the  potentially  large 
number  of  input  and  output  data  files  required  for  a  long-term  simulation,  a 
careful  system  for  naming  files  should  be  maintained  (Section  3.0  Data  File 
Naming  Structure). 

The  goal  of  the  PSRM-QUAL  portion  of  this  software  package  is  to  create 
hydrographs  and  pollutographs  that  serve  as  input  loadings  to  the  Bay/Estuary 
Hydrodynamics  and  Sediment/Contaminant  Transport  (B.E.S.T.)  model. 
Shipyard  data  relevant  for  each  outfall  (e.g.,  drainage  area,  primary  industrial 
activity,  area,  slope,  etc.)  and  storm  event  (e.g.,  duration,  amount)  are  the 
required  inputs  to  the  PSRM-QUAL  model.  The  input  file  created  using 
MEDLEY  contains  all  of  the  information  needed  by  the  program  to  perform  the 
modeling  calculations.  The  majority  of  input  parameters  are  default  values 
(described  in  the  original  User’s  Manual  in  Appendix  F).  However,  the  input  file 
contains  specific  information  to  describe  both  the  drainage  area  and  the  storm 
event.  The  tutorial  example  described  in  Section  4.0  leads  the  user  through 
every  input  parameter  required  to  run  PSRM-QUAL. 
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After  an  input  file  has  been  created,  named  and  saved,  PSRM-QUAL  runs  to 
create  the  corresponding  output  file.  The  output  file  contains  data  for  time,  runoff 
flow  rate,  total  suspended  solids,  and  total  copper  (Cu)  concentration.  MEDLEY 
manipulates  this  data  and  converts  it  into  the  proper  units  and  formats  for  use  in 
the  B.E.S.T.  model. 

2.3  B.E.S.T. 

B.E.S.T.  is  a  numerical  model  of  Bay/Estuary  Hydrodynamics  and 
Sediment/Contaminant  Transport.  This  model  is  a  2-D  depth-averaged 
numerical  model  simulating  water  flow  and  reactive  contaminant  and  sediment 
transport  in  bay/estuary  systems.  This  model  includes  two  computational 
modules:  flow  and  transport.  The  model  is  relatively  complex  and  includes 
calculations  to  compute  circulation  and  eddy  fluxes,  to  compute  the  migration  of 
sediments  and  contaminants,  sediments  suspended  in  the  water  column  or 
deposited  on  bed  rock,  contaminants  in  the  dissolved  phase  in  the  water  column 
or  in  the  interstitial  water  of  the  bed  sediments,  chemical  reactions,  including 
aqueous  complexation,  adsorption/desorption,  and  volatilization.  Details  and  four 
examples  that  demonstrate  the  capability  of  this  model  are  included  in  Appendix 
F. 

In  order  to  run  the  B.E.S.T.  model  calculations  using  MEDLEY,  it  is  only 
necessary  to  select  the  appropriate  data  files  from  those  run  using  PSRM-QUAL 
and  initiate  the  running  of  the  model.  This  model  took  about  60  hours  to  run  on  a 
desktop  computer  with  the  following  hardware:  600MHZ  Pentium  III,  256MB 
100MHZ  RAM,  20GB  type  EIDE  disk,  L2  CACHE  512KB.  The  program  runs  in 
the  background  allowing  the  user  to  perform  normal  daily  functions  on  the 
computer  at  the  same  time. 

The  B.E.S.T.  model  as  included  in  this  MEDLEY  package  is  configured  to 
specifically  address  the  NASSCO  shipyard  in  San  Diego  Bay,  and  on  copper  as 
the  contaminant.  In  order  to  run  the  B.E.S.T.  model/simulation  for  other  locations 
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in  San  Diego  Bay,  it  is  necessary  to  select  different  nodes  within  the  bay  grid 
(Section  5.2).  In  order  to  adapt  this  model  for  other  contaminants,  a  programmer 
would  have  to  build  the  specific  chemical  reactivity  and  adsorption  data  for  the 
desired  chemical  into  the  model.  Finally,  in  order  to  adapt  this  model  to  other 
bodies  of  water,  a  programmer  would  have  to  replace  the  San  Diego  Bay 
bathymetry  and  tidal  data  with  that  of  the  desired  body  of  water. 


2.4  ECORISK 

The  ECORISK  model  uses  the  contaminant  concentrations  and  dispersion  data 
generated  by  the  B.E.S.T.  model,  together  with  copper  risk  criteria  (LC50)  for  any 
particular  resident  species  of  interest,  to  calculate  the  risk  of  exposure  for  the 
given  species  to  copper  concentrations  above  its  LC50  over  all  or  part  of  the  bay. 
Risks  of  exposure  to  either  acute  or  chronic  LC50  concentrations  can  be 
calculated,  and  these  can  be  based  on  copper  concentrations  that  are  averaged 
over  time,  space,  or  overall.  Additional  species  can  easily  be  added  and  saved 
to  the  model  database  simply  by  typing  in  the  name  of  the  species,  its  location 
within  the  bay,  and  its  acute  and  chronic  copper  LC50  values. 

ECORISK  calculates  risk,  based  on  the  Tier  2  method  presented  by  the  Water 
Environment  Research  Foundation  in  Aquatic  Ecological  Risk  Assessment:  A 
Multi-Tiered  Approach  (Project  91-AER-1,  1996).  The  Tier  2  method  estimates 
risk  by  comparing  the  mean  and  standard  deviation  of  the  Expected 
Environmental  Concentration  (EEC)  to  the  mean  and  standard  deviation  of  the 
Environmental  Risk  Criteria  (ERC).  ECORISK  is  calculated  in  the  same  way, 
utilizing  the  B.E.S.T. -generated  copper  concentrations  as  the  Expected 
Environmental  Concentration  and  the  LC50  found  in  the  literature  as  the 
Environmental  Risk  Criteria  . 

Once  the  B.E.S.T.  calculations  have  been  run,  MEDLEY  is  used  to  select  the 
appropriate  data  files  and  then  to  initiate  the  ECORISK  module.  Execution  of 
this  module  is  easily  understood,  using  a  familiar  Windows  type  access  panel. 
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3.0  DATA  FILE  NAMING  STRUCTURE 


The  PSRM-QUAL  part  of  this  simulation  package  takes  shipyard  and  rainfall  data 
and  calculates  hydrographs  and  pollutographs  for  a  specific  watershed 
associated  with  a  specific  storm  event.  The  model,  as  applied  here,  is  run  once 
for  each  subarea  (drainage  area)  for  each  rain  event.  Thus,  for  a  site  with 
multiple  outfalls  (e.g.,  n)  which  drain  n  subareas,  PSRM-QUAL  should  be  run  n 
times  for  each  storm  event.  To  model  storm  water  inputs  for  a  whole  month, 
season  or  year  (e.g.,  m  storm  events  over  a  6-month  period),  PSRM-QUAL 
would  have  to  be  run  a  total  of  n  x  m  times.  Because  of  the  potentially  large 
number  of  input  and  output  data  files  required  for  a  long-term  simulation,  a 
careful  system  for  naming  files  should  be  maintained. 

Two  types  of  data  are  required  in  order  to  run  PSRM-QUAL:  drainage  area  data, 
and  rainfall  data. 

Drainage  area  data:  Each  stormwater  drainage  area  within  the  facility  should  be 
identified.  For  each  drainage  area,  you  must  determine  the  land  use  which  best 
matches  the  shipyard  activities  that  take  place  within  the  drainage  area,  the  Land 
Use  Index  (see  Section  5.0),  the  surface  area  and  the  slope  of  the  drainage  area, 
and  the  fraction  of  the  area  that  is  impervious.  In  addition,  sediment  amounts 
and  the  Fraction  of  Copper  (FCu)  within  the  suspended  solids  (g  Cu/100  g  TSS), 
for  each  of  the  different  Land  Use  Indexes  must  be  known  from  previous  testing. 
(See  Section  5.0  for  more  information  on  how  to  determine  these  numbers). 

Once  this  information  is  determined,  each  drainage  area  should  be  “matched”  to 
the  best  possible  Node  as  identified  in  the  B.E.S.T.  model.  This  is  illustrated  in 
Figure  2  below. 
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Rainfall  data:  For  each  rain  event  to  be  included  in  the  simulation,  data  on  the 
number  of  inches  of  stormwater  per  unit  time  are  required.  For  the  NASSCO 
simulation,  these  storm  event  characteristics  were  obtained  by  purchasing  15- 
minute  rain  gage  data  for  a  rain  gage  maintained  by  NOAA  at  Lindbergh  Field, 
San  Diego,  CA.  However,  a  recording  rain  gage  at  the  facility  being  modeled 
would  provide  similar  information. 

The  data  for  each  rain  event  for  each  Node  must  be  identified  by  separate  file 
names.  One  suggested  way  of  doing  this  is  to  name  the  files  with  the  node 
number  followed  by  the  rain  event  number  as  shown  in  Figure  2  below.  In  this 
example,  the  data  for  Drainage  Area  1  has  been  assigned  to  Node  602.  Thus  for 
rain  event  1,  the  data  file  name  is  602_1.  There  are  3  drainage  areas,  with  two 
rain  events  each;  PSRM-QUAL  will  have  to  be  run  6  times  (n  x  m,  or  3  x  2),  and 
there  will  be  6  output  files  as  indicated  in  Figure  2. 


Land  Use 
Land  Use  Index 
Area 
Slope 

Fraction  Impervious 


Drainage  Area  1 

Drainage  Area  2 

Drainage  Area  3 

Machine  Shop 

2 

2  Acres 

0.01  (ft/ft) 

1 

Material  Storage 

1 

7  acres 

0.01  (ft/ft) 

.9 

Maintenance  Area 

3 

12  acres 

0.01  (ft/ft) 

1 

Node  602 

Node  611 

Node  622 

Rain  Event  1 : 

602 1 

61 1 1 

622 1 

Rain  Event  2: 

602  2 

611  2 

622  2 

Figure  2.  Suggested  strategy  for  naming  of  PSRM-QUAL  data  files  in  MEDLEY. 
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Two  tables  of  sample  data  for  two  rain  events  to  be  used  in  going  through  this 
tutorial  are  presented  in  TABLE  1  and  TABLE  2  at  the  end  of  the  tutorial. 
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4.0  MEDLEY  TUTORIAL 


The  purpose  of  this  section  is  to  use  an  example  to  show  the  user  how  to  operate 
the  model  in  a  step-by-step  format. 


4.1  LOADING  THE  SOFTWARE 

Insert  the  zip  disk  labeled  MEDLEY  Program  Disk  in  your  zip  drive.  Select  File 
Manager  or  Explore  from  the  Start  menu  on  your  computer  or  click  on  the  My 
Computer  icon  on  your  Desktop.  Navigate  to  and  select  the  Zip  directory 
(usually  called  Removable  Disk)  to  view  its  contents,  then  double  click  on  the 
SetupMedley  file.  Follow  the  set-up  instructions  on  the  screens  that  follow.  A 
folder  called  Medley  will  be  set  up  at  the  location  you  select  and  a  MEDLEY  icon 
will  appear  on  your  destop. 

NOTE:  You  will  see  a  file  called  SetupMedley  and  a  file  called 

SetupMedleywithsource.  If  you  are  going  to  run  the  software  only  as  currently 
programmed,  then  select  SetupMedley.  If  you  are  a  programmer  who  intends  to 
get  into  the  source  code  and  modify  the  program  to  include  other  bodies  of  water 
or  other  pollutants,  for  example,  then  select  SetupMedleywithsource. 


4.2  STARTING  MEDLEY 

Before  starting  MEDLEY,  you  will  want  to  create  a  folder  where  all  the  files  for  a 
particular  data  set  can  be  stored.  Select  File  Manager  or  Explore  from  the  Start 
menu  on  your  computer  or  click  on  the  My  Computer  icon  on  your  Desktop. 
Navigate  to  the  location  where  MEDLEY  is  installed.  Under  the  MEDLEY  folder, 
create  a  new  folder  called  Tutorial. 
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£0 


Medley 


Start  MEDLEY  by  double  clicking  on  the  MEDLEY  icon  on  the 
computer  desktop,  or  by  selecting  MEDLEY  from  the  Programs 
selection  under  the  Start  button  on  your  computer.  The  following 
form  will  appear: 


This  screen  allows  the  selection  of  one  of  four  options: 

1.  PSRQM,  which  allows  the  user  to  input  shipyard  pollutant  and  rain  event  data 
into  input  files,  and  which  then  runs  the  PSRM-QUAL  model  and  coverts  the 
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PSRM-QUAL  output  into  files  of  the  proper  format  for  input  into  the  B.E.S.T. 
model. 

2.  Data  Collection,  which  allows  the  user  to  select  PSRM-QUAL  output  files 
desired  for  running  a  B.E.S.T.  model  simulation.  This  section  also  allows  the 
user  to  define  rain  event  start  times  and  dates  for  use  in  the  B.E.S.T.  model 
simulation. 

3.  Run  B.E.S.T.,  which  allows  the  user  to  execute  the  B.E.S.T.  model 
computations. 

4.  Run  ECORISK,  which  allows  the  user  to  use  the  output  from  the  B.E.S.T. 
simulation  to  calculate  risks  to  individual  organisms  within  the  water  body. 


4.3  PSRM-QUAL 

Click  on  the  PSRQM  button.  The  following  form  will  appear: 
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PSRM  QUAL:  FILE  CREATE  ROUTINE 


Directory  Name 
Input  File  Name 
Output  File  Name 
I13*  3  POLC  File  Name 


Base  Directory 


SEA 
MEDLEY 


|602_1| 

E :  \M  E  D  LEY\T  ulorral\602_1  \EVE  N  T .  I N  P 
E  AM  E  D  LEY\T  utorral\602_1  \EVE  N  T .  OU  T 
E  AM  E  D  LEY\T  utoiial\602_1  \P0  LC.  D  AT 


Description  (5  lines) 


Cancel 


“MEDLEY”  is  the  default  Base  directory  where  all  data  files  will  be  stored.  This  is 
selected  automatically  for  you.  The  folder  “Tutorial”  was  created  above  in 
Section  4.2  to  contain  the  data  files  for  this  tutorial. 

In  the  Directory  Name  text  box,  type  in  the  file  name  for  the  data  set  that  is 
about  to  be  entered.  Use  the  file  structure  guidelines  in  Section  3.0  to  select  an 
appropriate  file  name.  The  file  names  for  the  Input  files,  Output  files  and  POLC 
file  that  will  be  generated  by  the  PSRM-QUAL  model  will  be  assigned 
automatically  based  on  the  directory  and  file  names  you  select.  These  file 
names  are  listed  on  this  screen,  directly  below  the  Directory  Name  text  box. 


C-13 


For  the  purpose  of  this  tutorial,  for  this  Node  and  Rain  Event,  type  in  the  file 
name  602_1 .  (Two  tables  of  sample  data  for  two  rain  events  to  be  used  in  going 
through  this  tutorial  are  presented  in  TABLE  1  and  TABLE  2  at  the  end  of  the 
tutorial). 


Click  on  the  Next  button.  The  following  form  will  appear: 


Kinematic  wave  time  interval  (KWTI)  (minutes)  -  type  “1”  in  the  data  entry  box.  A 
1-minute  KWTI  is  the  suggested  value  from  the  original  User’s  Manual. 
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Hydrograph  time  interval  (HYDTI)  (minutes)  -  type  “10”  in  the  data  entry  box. 
This  value  is  the  time  interval  for  which  the  rainfall  amounts  have  been 
recorded.  This  value  is  also  used  as  the  time  interval  for  generating  the 
output.  For  this  example,  the  total  rainfall  will  be  0.95  inches  accumulated 
over  a  1-hour  period.  Six  rainfall  amounts  (60  minutes  total  time  @  10 
minute  HYDTI)  will  later  be  required  input. 

Number  of  points  on  hydrograph  (HYDNPT)  -  type  “12”  and  then  press  “Enter.” 
This  is  the  number  of  intervals  displayed  on  the  hydrograph.  For  a  60- 
minute  storm  event,  a  hydrograph  of  at  least  120  minutes  will  be  required 
to  capture  all  delayed  runoff  (12  intervals  @  HYDTI). 

Click  on  the  Next  button.  The  following  form  will  appear: 
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RAINFALL  PARAMETERS:  Recording  Rain  Gage  Data 


Rain  gage  name  (20  characters  max) . RGNAME$  pj 

X  coordinate  of  rain  gage  (—9999  to  +9999)  .  .  .  XRG  1 500 

Y  coordinate  of  rain  gage  (-9999  to  +9999)  .  .  .  YRG  |5qq 

Rainfall  number  of  points . RFNPT  [g 

Rain  gage  start  time,  w.r.t.  HYDST  (minutes)  .  .  RGST  |q 


Enter  Rainfall  Amounts 


Cancel 


Next  --> 


Rain  gage  name  (RGNAME$)  -  type  “1”.  The  specific  name  of  the  rain  gage  is 
not  critical  for  single  subarea  simulations. 

X  Coordinate  of  rain  gage  (XRG)  -  type  “500”.  The  specific  location  of  the  rain 
gage  is  not  critical  for  single  subarea  simulations. 

Y  Coordinate  of  rain  gage  (YRG)  -  type  “500”. 

Rainfall  number  of  points  (RFNPT)  -  type  “6”.  This  is  the  number  of  intervals  that 
the  storm  event  has  been  recorded  in,  and  will  occur  within  the  model. 
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RFNPT  and  HYDTI  (e.g.,  10  minutes,  entered  on  the  last  page)  must  be  in 
agreement  to  properly  specify  the  length  of  the  storm  (i.e.,  (RFNPT)  x 
(HYDTI)  =  duration  of  storm  event). 

Rain  gage  start  time  (RGST)  -  leave  this  set  at  the  default  value  of  “0”. 

Enter  the  6  (value  of  RFNPT)  rainfall  amounts  -  type  “0. 1 ,  0.2,  0.3,  0.2,  0. 1 , 0.05” 
in  the  rainfall  amounts  table.  These  are  the  amounts  of  rainfall  for  each 
10-minute  interval. 


Click  on  the  Next  button.  The  following  form  will  appear: 
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This  screen  displays  current  standard  default  parameters  used  in  the  PSRMQ 
model  calculations.  Any  of  these  default  parameters  can  be  modified  on  this 
screen  if  desired.  Generally  the  defaults  will  remain  unchanged,  and  you  will 
simply  move  to  the  next  screen.  The  value  of  any  of  these  parameters  for  an 
individual  rain  event  or  location  can  be  edited  on  the  next  screen,  leaving  the 
defaults  unchanged. 

Review  the  default  “Overland  and  Channel  Routing”  parameters.  All  of  the 
values  displayed  are  the  default  values  for  PSRM-QUAL.  Make  no 
changes  at  this  time. 

Review  the  default  “Rainfall  Losses”.  All  of  the  values  displayed  are  the  default 
values  for  PSRM-QUAL.  Make  no  changes  at  this  time. 

Review  the  default  values  for  the  parameters  beginning  with  “Land  Use  Index”. 
All  of  the  values  displayed  are  the  default  values  for  PSRM-QUAL.  Make 
no  changes  at  this  time.  More  information  on  Land  Use,  Land  Use 
Indexes  and  Sediment  Loads  is  provided  in  Section  5.0. 

Review  the  default  values  for  the  parameters  beginning  with  “Universal  Soil  Loss 
Factor  K”.  All  of  the  values  displayed  are  the  default  values  for  PSRM- 
QUAL.  Make  no  changes  at  this  time. 

Click  on  the  Next  button.  The  following  form  will  appear: 
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Subarea  Data 


SUBAREA  *1 

X  coordinate  of  the  subarea  CG  (—9999  to  +9999) 
Y  coordinate  of  the  subarea  CG  (-9999  to  +9999) 

Area  of  the  subarea  (acres)  . 

Length  of  characteristic  flow  path  (feet)  .  .  . 

Slope  of  characteristic  flow  path  (ft/ft)  .  .  . 

Fraction  of  area  impervious  . 

Overland  and  Channel  Routing 
Overland  flow  Manning's  n,  impervious  areas  .  . 
Overland  flow  Manning's  n,  pervious  areas  .  .  . 

Overland  flow  sinuosity  factor  . 

Rainfall  Losses 

Curve  number  for  impervious  areas  . 

Curve  number  for  pervious  areas  . 

Initial  abstraction  factor  . 

Depression  storage,  impervious  areas  (inches) 
Depression  storage,  pervious  areas  (inches)  .  . 

Saturated  hydraulic  conductivity  (in/hr)  .  .  . 

Initial  fraction  of  soil  capacity  wetted  .  . 

Land  use  index  (1-4)  . 

Maximum  sediment  load  (grams/curb-meter)  .  .  . 
Initial  sediment  load  (grams/curb— meter )  .  .  . 

Sweeping  start  time  (hours)  . 

Sweeping  time  interval  (days)  . 

Sweeping  fraction  removed  . 


Universal  Soil  Loss  factor  K 
Universal  Soil  Loss  factor  C 
Universal  Soil  Loss  factor  P 


Sartor-Boyd  K  value  (1/inch) 
Coefficient  of  drag  .  .  .  . 
Dynamic  friction  coefficient 
Static  friction  coefficient 


XCG 

[500 

YCG 

|500 

.  AREA 

|2.2 

.  LEHG 

750 

SLOPE 

1  01 

FRIMP 

|1 

MN1 

0.04  [7j 

MN2 

0.24  |  ! 

.  .  SF 

1  25  |_i 

CN1 

98  pn 

CN2 

70  1 1 

IAF 

0.1  (! 

DS1 

0.06  |.i 

DS2 

0  1-1 

KS 

0.33  j  i 

IFSW 

0.2  |  ! 

.  .  LU 

3  FT- 

MSL 

380  |500 

ISL 

300  73 

.  SWST 

0  1-1 

.  SWT  I 

0  1 1 

.  SWFR 

0  1 1 

.  UK 

o.2  n- 

.  UC 

0.03  j  i 

.  UP 

0.4  |  ! 

SBK 

G  F- 

.  CD 

0.4  |  ! 

DFC 

0.2  |  ! 

SFC 

0  4  |.-| 

Cancel 


Next  ~> 


X  Coordinate  of  subarea  CG  (XCG)  -  type  “500”.  The  specific  location  of  the 
center  of  gravity  is  not  critical  for  single  subarea  simulations. 

Y  Coordinate  of  subarea  CG  (YCG)  -  type  “500”. 

Area  of  subarea  in  acres  (AREA)  -  type  in  the  number  of  acres  for  this  drainage 
area.  For  this  example,  type  in  2.2.  (1  ft2  =  2.296  x  10'5  acres  or  1  acre  = 
43,560  ft2). 

Length  of  characteristic  flow  in  feet  (LENG)  -  for  this  example  type  “750”.  This  is 
the  average  distance  traveled  by  the  storm  water  before  it  reaches  the 
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outfall.  This  value  must  be  determined  for  each  individual  drainage  area 
at  a  given  facility. 

Slope  in  ft/ft  (SLOPE)  -  for  this  example  type  “0.01”.  This  represents  a  slope  of 
1.0%  and  is  reasonable  for  a  parking  lot.  Site  surveys  will  yield  the  most 
accurate  value. 

Fraction  impervious  (FRIMP)  -  for  this  example  type  “1”.  A  value  of  1  represents 
a  completely  paved,  impervious  drainage  area. 

Overland  Flow  Routing,  Rainfall  Losses,  Land  Use  &  Impervious  Sediment 
Loading,  Pervious  Sediment  Washoff-  for  this  example,  leave  most  of  the 
values  as  they  are,  at  “-1”.  A  value  of  “-1”  indicates  that  the  default  value 
from  the  previous  screen  (and  displayed  to  the  left  of  the  data  entry  box 
for  reference)  will  be  used  in  the  PSRM-QUAL  calculation. 

Generally  the  Land  Use  Index  and  the  Initial  Sediment  Load  values  must 
be  edited  here  to  match  the  use  of  the  specific  drainage  area.  The  Land 
Use  Index  selected  here  is  used  to  select  the  appropriate  pollutant 
concentration  factors  from  the  data  file  POLC.DAT.  See  Section  5.0  for 
more  information. 

If  you  wish  to  use  a  value  different  from  the  default  value  in  calculating  this 
particular  set  of  data,  then  replace  the”  -1”  here  with  the  value  desired. 
For  this  example,  change  the  Maximum  Sediment  Load  (MSL)  to  500  and 
the  Initial  Sediment  Load  (ISL)  to  7.3.  These  two  values  will  change  for 
this  particular  set  of  data  but  will  leave  the  default  values  of  380  and  300 
unchanged. 


Click  on  the  Next  button.  The  following  form  will  appear: 
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Capacity  of  drainage  element  (CAP)  (cfs)  -  type  “200”  for  this  example. 
Pipe  travel  time  (PT)  (minutes)  -  type  “5”  for  this  example. 

Muskingum  X  coefficient  -  leave  value  at  “-1”. 

Channel  to  surface  velocity  ratio  -  leave  value  at  “-1”. 

Number  of  connecting  drainage  elements  (NCDE)  -  type  “0”. 
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Click  on  the  Next  button.  The  following  form  will  appear: 


This  screen  displays  the  data  in  the  POLC.DAT  file.  This  file  contains  important 
information  regarding  pollutant  concentration  factors,  specifically  the 
Fraction  of  Copper  (FCu)  within  the  total  suspended  solids  (g  Cu/100  g 
TSS),  for  the  different  Land  Use  Indexes.  The  FCu  “loading”  variable 
directly  influences  the  copper  concentration  [Cu]  associated  with  the 
runoff. 


As  adapted  here,  the  “Pollutant  Concentration  Factors”  (i.e.,  FCu)  in 
POLC.DAT  are  all  default  values  EXCEPT  the  values  for  copper.  (The 
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B.E.S.T.  model  is  only  capable  of  modeling  copper  at  the  current  time,  so 
the  PSRM-QUAL  data  for  everything  other  than  copper  is  ignored).  The 
copper  values  and  the  corresponding  Initial  Sediment  Loads  (ISL)  must  be 
determined  specifically  for  different  land  uses  (i.e.,  industrial  activities)  at 
the  facility  under  test.  This  parameter  estimation  technique  is  described 
more  fully  in  Section  5.0.  These  values  can  be  easily  changed  here; 
simply  place  the  cursor  in  the  text  box  and  enter  a  new  value. 

For  this  tutorial,  change  the  value  for  copper  in  the  commercial  application 
to  2.99.  Make  no  other  changes  at  this  time. 

Click  on  the  Next  button.  The  following  form  will  appear: 


Click  the  OK  button  and  the  Main  menu  will  re-appear. 

Repeat  all  the  above  steps,  beginning  with  “Click  on  the  PSRQM  button”,  for 
each  of  the  eight  nodes  and  each  of  the  two  rain  events,  as  shown  in  TABLE  1 
and  TABLE  2  at  the  end  of  this  tutorial.  You  will  run  this  section  of  the  tutorial  an 
additional  15  times  to  generate  the  data  files  to  select  and  run  later  in  the 
B.E.S.T.  model. 

NOTE:  You  can  alter  the  input  file  “Event. INP”  for  any  point  (such  as 
602_1)  by  opening  the  file  with  Notepad  and  simply  entering  new  values 
for  selected  variables.  Be  careful  not  to  modify  any  formatting  of  the  file 
and  remember  to  save  it  after  you  are  finished.  This  is  a  quick  way  to  alter 
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the  information  without  going  through  the  above  steps  again.  This  must 
be  done  before  the  Data  Collection  step  below. 


4.4  B.E.S.T. 

In  order  to  run  the  B.E.S.T.  program,  the  appropriate  output  files  from  PSRM- 
QUAL  must  be  selected.  In  addition,  the  timing  of  the  rain  events  must  be  set 
and  matched  to  the  PSRM-QUAL  output  files. 

Click  on  the  Data  Collection  button  on  the  main  MEDLEY  menu.  The  following 
form  will  appear: 
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Click  on  the  Tutorial  folder,  then  click  on  the  Next  button.  The  following  form  will 
appear: 


The  Tutorial  folder  should  already  be  displayed  in  the  file  selection  boxes  on  the 
left.  If  not,  then  navigate  to  the  folder  where  you  stored  the  output  files  from 
PSRM-QUAL.  In  top  box,  select  the  drive  if  not  already  selected  (E:  for  this 
demo  case).  In  the  second  box,  navigate  to,  and  select  the  MEDLEY  folder  and 
the  Tutorial  folder  if  not  already  selected.  Highlight  the  first  data  file  to  be 
included  in  the  B.E.S.T.  run  (602_1  for  this  demo  case).  When  you  click  on 
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602_1 ,  the  name  of  the  output  file  for  that  data  set  (EVENT. out)  will  appear  in  the 
third  file  selection  box.  Double  click  on  the  output  file  for  that  data  set 
(EVENT. out).  Your  form  should  now  look  like  the  following: 


You  will  notice  that  the  file  name  you  have  selected 
(C:\MEDLEY\Tutorial\602_1\EVENT.OUT)  appears  in  the  File  Name  text  box  on 
the  right  top  of  the  window.  In  addition,  default  zero  time  and  event  time  are 
displayed. 
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In  the  Node  #  text  box,  type  the  number  of  the  node  that  most  closely 
approximates  the  location  at  which  this  drainage  area  will  drain  into  the  body  of 
water.  Type  “602”  for  this  demo  case. 

In  the  Zero  Time  pick  list  box,  use  the  arrows  to  select  the  start  date  and  time  for 
the  desired  B.E.S.T.  simulation.  Select  2/19/00  and  12:00:01AM  for  this 
demonstration.  If  you  are  doing  a  one-month  simulation,  you  might  select  the 
first  day  of  the  month,  or  midnight  on  the  first  day  of  rain,  or  the  day  before  the 
rain  starts.  This  zero  time  will  be  the  same  for  all  rain  events  in  a  given  B.E.S.T. 
simulation. 

In  the  Event  Time  pick  list  box  select  the  exact  date  and  time  that  the  rain  event 
in  the  selected  file  started.  Select  2/19/00  and  3:00:00PM  for  this  demonstration. 

Your  form  should  now  look  like  the  following: 
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File  Selction 


a  e:  7]  R  ain  E  vent  I  nf ot mation 

Hea  


^MEDLEY  File  Name  |E:\MEDLEY\Tutoiial\602_1\EVENT  OUT 


T  utorial 

Node  tt  |G02 

ZeroTime  1  2/19/00 

Il2: 01:00  AM 

— 

tventlime  1  2/19/00 

1  3:00:00  011 

-7 

EVENT. OUT 


Add 


Remove 


Next  -> 


Now  click  the  Add  button  to  select  the  file  as  an  Input  file  for  the  B.E.S.T. 
simulation.  The  file  name,  node  number  and  event  start  time  (in  seconds  after 
the  Zero  time  selected)  will  appear  in  the  list  box  at  the  bottom  of  the  window. 
Your  form  should  now  look  like  the  following: 
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File  Selction 


EVENT. OUT 


Rain  Event  Information 


File  Name 
Node# 


ZeroTime 

Event  Time 

Add 


Input  File 

Yode 

Event  startfin  sec.  from  zero  time) 

E:\MEDLEVUutorial\B02_1\EVENT.0UT 

602  i 

50340 

Remove  | 

Next  •> 


Continue  to  select  additional  PSRM-QUAL  output  data  files  for  inclusion  in  the 
simulation.  By  selecting  all  the  files  for  the  first  rain  event  before  selecting  the 
files  from  the  second  rain  event,  you  will  only  have  to  select  the  file  and  type  in 
the  Node  #.  (For  example,  select  61 1_1  and  all  the  other  first  rain  event  files 
before  selecting  602_2  and  the  other  second  rain  event  files).  The  Zero  time  and 
Event  Time  will  default  to  the  values  for  the  last  entry.  Once  all  the  data  files  for 
the  first  rain  event  have  been  selected,  your  form  should  look  like  the  following: 
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File  Selction 


a  e:  71  R  ain  E  vent  I  nf ot mation 


JE:\ 


MEDLEY 

T  utorial 

File  Name 

Node# 

1 

|?09 

ZeroTime 

Event  Time 

1  H 

EVENT. OUT 


Add 


Input  File 


Node  Event  startfin  sec.  from  zero  time) 


E:\MEDLEYYTutorial\602  1\EVENT.0UT 

602 

50340 

E:\MEDLEYYTutorial\611  1\EVENT.0UT 

611 

50340 

E:\MEDLEYUutorial\622  1\EVENT.0UT 

622 

50340 

E:\MEDLEY\Tutorial\635  1\EVENT.0UT 

635 

50340 

E:\MEDLEY\Tutorial\B51  1\EVENT.QUT 

651 

50340 

E:\MEDLEY\Tutorial\669  1\EVENT.QUT 

669 

50340 

E:\MEDLEY\Tutorial\68S  1\EVENT,0UT 

686 

50340 

E:\MEDLEY\Tutorial\709  1\EVENT.0UT 

50340 

Remove 


Next  •> 


Continue  again  to  select  additional  PSRM-QUAL  output  data  files  for  inclusion  in 
the  simulation  until  all  the  files  for  all  the  rain  events  have  been  selected  and  their 
start  times  entered.  Select  2/23/00  and  6:00:00PM  for  the  start  time  of  the 
second  rain  event  in  this  demonstration.  When  all  the  data  files  for  this 
demonstration  have  been  selected,  your  form  should  look  like  the  following: 
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File  Selction 


EVENT. OUT 


Rain  Event  Information 


File  Name 

Node# 

ZeroTime 

3  r 

Event  Time 

i  j  i 

Input  File 


Node  Event  start(in  sec.  from  zero  time) 


E:\MEDLEY\Tutorial\602  2\EVENT.0UT 

3 

G02 

40G740 

3 

E  AM  E  D  LEY\T  utorial\61 1  1\EVENT.0UT 

G11 

50340 

E  AM  E  D  LEY \T  utorial\61 1  2\EVENT.0UT 

G11 

40G740 

E  AM  E  D  LEY \T  utorial\622  1\EVENT.0UT 

G22 

50340 

E AM E D LEY\T utorial\622  2\EVENT.QUT 

G22 

40G740 

E  AM  E  D  LEY\T  utorial\635  1\EVENT.0UT 

635 

50340 

E AM E D LEY\T utorial\635  2\EVENT,0UT 

635 

406740 

EAMEDLEY\Tutorial\651  1\EVENT,0UT 

G51 

50340 

E  AM  E  D  LEYYT  utorial\851  2\EVENT.0UT 

G51 

40G740 

E  AM  E  D  LEY\T  utorial\G69  1\EVENT.0UT 

GG9 

50340 

EAMEDLEY\Tutocial\G69  2\EVENT.0UT 

GG9 

40G740 

EAMEDLEY\Tutorial\686  1\EVENT.0UT 

G8G 

50340 

EAMEDLEY\Tutorial\686  2\EVENT.0UT 

G8G 

40G740 

EAMEDLEY\Tutotial\708  1\EVENT.0UT 

709 

50340 

EAMEDLEY\Tutorial\709  2\EVENT.0UT 

709  D!  40G740 

_L 

Next  ■> 


When  you  have  selected  all  the  appropriate  files  for  the  B.E.S.T.  calculations, 
click  on  the  Next  button.  You  will  be  taken  back  to  the  Main  Menu. 

When  you  are  ready  to  begin  the  B.E.S.T.  calculation  module,  click  on  the  Run 
B.E.S.T.  button.  The  following  form  will  appear: 
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Select  B.E.S.T  Data  Files 


Base  Directory 

F 


bay.2bc 
BAY.2CH 
BAY.  2D  M 
Bay.2tp 
BAY.  SUP 


You  will  not  be  able  to  run  BEST 
unless  you  select  a  folder  that 
contails  each  of  the  following  files: 
BAY.  SUP,  BAY.2BC,  BAY.2TP, 
BAY.  2D  M,  BAY.2CH 


Cancel 


Next  ••  > 


Navigate  to  and  select  the  folder  where  the  data  files  you  just  selected  are 
stored.  Select  “E:/MEDLEY/Tutorial”  for  the  case  of  this  tutorial.  The  five 
required  files  should  be  present  in  the  box  to  the  right.  Then  click  the  Next 
button. 

An  application  button  will  appear  at  the  bottom  of  your  screen  that  says  “Running 
B.E.S.T.”  This  program  will  run  in  the  background  on  your  computer,  allowing 
you  to  perform  other  tasks  (such  as  getting  your  e-mail  or  typing  a  document) 
while  it  runs.  Depending  on  how  many  data  points  you  have  entered  and  the 
time  period  covered,  and  what  other  software  you  have  running  and  how  much 
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you  are  actively  using  the  computer,  the  calculations  will  take  several  days  to 
run.  Do  not  turn  your  computer  off  overnight;  continue  to  let  the  program  run. 
On  computers  with  a  600MHZ  Pentium  III,  256MB  100MHZ  RAM,  20GB  type 
EIDE  disk,  L2  CACHE  512KB,  an  8-node,  three  rain-event  simulation  covering  a 
time  period  of  one  month,  required  about  60  hours  to  complete  the  calculations. 

As  long  as  the  “Running  B.E.S.T.”  button  appears  at  the  bottom  of  your  screen, 
B.E.S.T.  is  still  running.  When  the  calculations  are  complete,  a  message  will 
appear  on  your  screen  saying  that  they  are  complete,  and  the  main  MEDLEY 
menu  will  again  appear. 


4.5  ECORISK 

From  the  main  MEDLEY  menu,  double  click  on  the  Run  ECORISK  button.  The 
following  form  will  appear: 
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EcoRisk  Run  Data 


Base  Directory 


|Se: 

|e3EA 

MEDLEY 

□  602  1 

□  602  2 

□  61 1_1 

□  61 1_2 

□ 

You  will  not  be  able  to  run  EcoRisk 
unless  you  select  a  folder  that 
contails  each  of  the  following  files: 
BAY_C.DAT  and  BAY_S.DAT 


Cancel 


Next  ••  > 


Navigate  to  the  Base  Directory  file  selection  box  and  click  on  the  folder  where 
your  B.E.S.T.  simulation  data  is  stored  (E:\MEDLEY\Tutorial  in  this  case).  The 
four  required  files  (generated  in  the  Data  Collection  step  above)  should  be 
displayed  in  the  window  on  the  right.  Click  on  the  Next  button.  The  following 
form  will  appear: 
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This  form  contains  two  windows.  The  left  window  contains  a  list  of  species  in  the 
database.  The  right  window  contains  information  on  the  species’  location  within 
the  bay  and  copper  risk  criteria.  By  clicking  on  and  highlighting  a  species  in  the 
left  window,  the  locations  and  parameters  associated  with  that  species  appear  in 
the  right  window. 

The  form  shown  above  is  the  default  form.  At  this  point,  either  a  new  data  set 
must  be  created  or  an  existing  data  set  must  be  loaded.  To  build  a  new  data  set, 
see  Section  4.5.1 .  To  load  an  existing  data  set,  select  Open  from  the  File  menu, 
then  navigate  to  the  desired  file,  highlight  and  click  on  the  Open  button. 
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A  sample  data  set  has  been  included  with  the  MEDLEY  software.  For  the 
purpose  of  this  tutorial,  navigate  to  the  folder  Medley  Set  Up  Files,  then  select 
the  file  EcoRisk  Sample  Data  Base. 


Click  on  the  Open  button  and  the  following  form  will  appear. 
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This  sample  data  set  has  been  compiled  using  acute  and  chronic  LC50  data 
found  in  the  literature.  A  unique  data  set  that  is  appropriate  for  a  given 
geographic  location  should  be  developed  for  use  at  each  facility.  This  data  set 
should  be  developed  in  a  cooperative  effort  with  the  local  regulating  agency 
using  species  and  LC50  data  that  are  specific  to  the  local  environment  and  of 
interest  to  local  regulators. 
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4.5.1  Adding  and  Deleting  Organisms 


Click  on  the  Fish  icon  on  the  toolbar  or  select  New  Species  from 
the  Species  menu  to  add  a  new  species. 


Type  the  name  of  the  species  in  the  Name  text  box. 

Click  on  either  the  Water  or  the  Sediment  radial  button  to  select  the  normal  or 
major  habitat  for  the  species. 

Click  on  the  Used  check  box  to  indicate  whether  you  want  this  species  included 
in  the  risk  calculation.  One,  a  few,  or  all  species  may  be  included  in  each  risk 
calculation  that  is  done.  Any  species  may  be  included  or  excluded  by  checking 
or  un-checking  this  box. 

Click  on  the  Whole  Bay  check  box  if  the  species  lives  throughout  the  water  body, 
or  deselect  the  check  mark  in  the  Whole  Bay  check  box  and  enter  x  and  y 
coordinates  to  select  a  specific  portion  of  the  water  body.  See  the  San  Diego 
Bay  grid,  Figure  3,  at  the  end  of  this  section  to  identify  approximate  x  and  y 
coordinates,  or  use  GMS  FEMWATER  as  described  in  Appendix  E. 

Enter  the  Acute  LC50  and  the  Chronic  LC50  parameters  for  the  species.  These 
should  be  EC50  data  in  mg/liter  for  the  specific  species  when  exposed  to  copper, 
and  may  be  found  in  the  literature  or  from  your  local  regulator. 

When  all  the  information  is  entered,  click  on  the  Okay  button.  The  species  and 
its  data  will  be  entered. 
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To  delete  a  species,  click  on  and  highlight  the  species,  then  click 
on  the  No  Fish  icon,  or  select  Remove  Species  from  the  Species 
menu. 

The  species  will  be  deleted. 

To  save  a  new  data  set,  select  Save  As  from  the  File  menu,  name  the  file  and 
click  Okay.  To  save  an  updated  or  revised  data  set,  select  Save  from  the  File 
menu. 


4.5.2  Risk  Calculation 

Select  the  species  (one  or  more)  that  are  to  be  included  in  the  risk  calculation  in 
the  left  hand  window.  Click  on  the  large  green  diamond  to  left  of  species  name 
to  deselect,  or  click  on  the  small  black  diamond  to  select.  This  is  an  alternative 
method  (to  the  Used  box)  to  select  or  deselect  species  to  be  included  in  the  risk 
calculation. 

If  desired,  update  any  information  in  the  right  hand  window  for  any  of  the  species 
selected. 


With  the  desired  test  species  selected,  click  on  the  Skull  and 
Crossbones  icon,  or  select  Toxicity  from  the  Compute  menu. 


The  following  form  will  appear: 
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With  the  Acute  radial  button  highlighted,  the  risk  calculation  will  be  based  on  the 
Acute  LC50  entered  for  the  species.  To  select  a  calculation  based  on  the 
Chronic  LC50,  click  on  the  Chronic  radial  button.  The  following  form  will  appear. 


The  acute  and  chronic  forms  allow  the  choice  of  the  type  of  data  averaging 
calculation  to  be  done,  and  whether  a  Chronic  or  Acute  risk  estimate  is  desired. 
See  Section  5.3  for  more  information  on  specifically  how  the  risk  estimate  is 
calculated  in  each  of  these  cases. 
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Acute: 


Chronic: 


Time  Average: 


Space  Average: 


Overall  Average: 


Full  Model: 


The  risk  calculation  is  performed  by  comparing  the  Acute 
LC50  in  the  database  for  each  species  selected  to  the 
copper  concentrations  generated  by  the  B.E.S.T.  simulation. 

The  risk  calculation  is  performed  by  comparing  the  Chronic 
LC50  in  the  database  for  each  species  selected  to  the 
copper  concentrations  generated  by  the  B.E.S.T.  simulation. 

Calculates  the  species’  risk  of  exposure  to  levels  of  copper 
above  the  specified  LC50  in  the  database  over  the  time 
frame  of  the  B.E.S.T.  simulation.  This  method  uses  the 
probability  distribution  of  copper  concentrations  when 
averaged  over  time  for  each  bay  location. 

Gives  the  species’  risk  of  exposure  to  levels  of  copper  above 
the  specified  LC50  in  the  database  over  the  geographical 
area  of  the  B.E.S.T.  simulation.  This  method  uses  the 
probability  distribution  of  copper  concentrations  when 
averaged  over  all  bay  locations  for  each  time  interval.  This 
option  is  not  available  for  Chronic  calculations  since  the 
concept  of  a  Chronic  exposure  at  one  distinct  time  interval  is 
inappropriate. 

Gives  the  organism’s  risk  of  exposure  to  levels  of  copper 
above  the  specified  LC50  in  the  database  over  the  time 
frame  and  geographical  location  of  the  B.E.S.T.  simulation. 
This  method  uses  the  probability  distribution  of  copper 
concentrations  when  averaged  over  all  times  and  for  all  bay 
locations. 

This  option  is  not  currently  active.  It  is  reserved  for  future 
upgrades. 
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Choose  either  the  Acute  or  the  Chronic  radial  button,  then  choose  the  type  of 
averaging  to  be  done.  Click  the  Okay  button. 

After  a  short  time  period  (up  to  a  few  minutes),  the  following  form  will  appear: 


Click  the  Okay  button.  The  following  form  will  appear  with  the  calculated  risk 
results  for  all  the  selected  species. 
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The  form  indicates  whether  Acute  or  Chronic  LC50s  were  used  in  the  estimation, 
and  what  type  of  averaging  was  selected.  The  table  displayed  in  the  form  lists 
the  species  selected,  the  calculated  risk,  the  LC50  that  is  stored  in  the  data  base, 
and  the  copper  concentration  statistics  for  the  species’  selected  habitat  (water  or 
sediment,  and  whole  bay  or  specific  x,y  locations).  The  risk  result  represents  the 
%  risk  or  the  %  chance  that  the  selected  organism  would  be  exposed  to  a  copper 
concentration  greater  that  its  LC50  in  its  habitat  as  a  result  of  the  copper 
dispersion  modeled  by  PSRM-QUAL  and  B.E.S.T. 

NOTE:  If  no  value  for  LC50  was  entered  into  the  database  for  a  given 
species,  the  default  value  in  the  database  is  zero.  Therefore,  the  risk 
calculation  will  assume  an  LC50  of  zero,  and  in  most  cases,  the  estimated 
risk  will  be  100%.  This  is  the  case  in  the  form  above  for  Leiostomus 
xanthurus  -  spot  fish.  This  should  be  taken  into  consideration  when 
interpreting  results,  since  many  species  do  not  have  published  LC50  data 
for  both  acute  and  chronic  exposures. 

NOTE:  If  desired,  Risk  Criteria  other  than  LC50  may  be  entered  into  the 
database.  For  example,  criteria  such  as  EC50  may  be  more  applicable  for 
a  given  situation.  The  calculations  would  be  performed  in  the  same  way, 
except  that  the  risk  estimate  would  be  performed  by  comparison  to  the 
entered  criteria.  If  this  option  is  elected,  it  should  be  documented  and 
considered  appropriately  when  interpreting  results. 

NOTE:  When  analyzing  this  data,  it  is  important  to  remember  that  the 
average  concentrations  that  are  used  for  these  calculations  are  averages 
that  may  include  many  points  equal  to  essentially  zero.  If  the  B.E.S.T. 
program  was  run  including  long  periods  of  time  when  there  were  no  rain 
events,  then  a  large  number  of  “zero”  concentrations  have  been  averaged 
into  the  data  set.  In  addition,  if  the  whole  bay  is  included  in  the  average 
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(by  designating  that  the  species  lives  in  the  whole  bay)  it  is  also  likely  that 
a  large  number  of  “zero”  concentrations  are  included  in  the  average. 

If  you  note  in  the  calculated  result  above,  the  average  of  the  log  of  the 
concentration  for  Cragnon  cragnon  -  shrimp  is  significantly  different  from 
the  average  listed  for  the  other  species.  This  is  because  in  the  database, 
the  location  for  the  Cragnon  cragnon  -  shrimp  has  been  limited  to  an  area 
immediately  adjacent  to  the  shipyard  nodes  (see  the  EcoRisk  Sample 
Data  Base  window  displayed  on  page  35).  This  means  that  there  are 
fewer  “zeros”  included  in  the  average,  and  the  resulting  average 
concentration  is  higher. 

To  exit  the  application,  select  Exit  from  the  File  menu.  The  main  MEDLEY  menu 

will  appear.  Click  on  the  Exit  button,  and  the  application  will  close. 
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X 

Figure  3.  Grid  with  X  and  Y  coordinates  for  San  Diego  Bay. 
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5.0  DETAILS  ON  DATA  FOR  MODEL  INPUT 


5.1  PSRM-QUAL 

5.1.1  Initial  Sediment  Load  and  FCu 

The  activities  that  take  place  on  a  given  drainage  area  (Land  Use)  and  their 
associated  sediment  and  pollutant  (copper)  levels  are  key  parameters  in  the 
PSRM-QUAL  prediction  of  pollutant  discharge  into  a  body  of  water.  Thus  the 
particular  facility  and  the  activities  that  occur  within  each  drainage  area  need  to 
be  reviewed  and  assessed  before  any  modeling  is  done.  Once  each  drainage 
area  is  defined  and  the  major  activities  that  take  place  within  the  area  are 
determined,  the  stormwater  that  is  generated  by  each  drainage  area  needs  to  be 
tested  to  determine  both  sediment  levels  and  copper  concentrations.  Data  to 
determine  the  total  solids  (Initial  Sediment  Load,  ISL)  that  would  be  washed  from 
a  drainage  area  by  a  rain  event  must  be  determined,  in  the  units  of  grams/curb- 
meter.  Similarly,  data  on  typical  copper  concentrations  (Fcu)  in  the  stormwater 
from  a  drainage  area  by  a  rain  event  must  be  determined,  in  the  units  of 
grams/100  grams  of  TSS  (g  Cu/100  g  TSS).  These  data  will  provide  important 
information  regarding  pollutant  concentration  factors,  specifically  the  Fraction  of 
Copper  (FCu)  within  the  suspended  solids  (g  Cu/100  g  TSS),  for  each  different 
drainage  area.  The  FCu  “loading”  variable  directly  influences  the  [Cu]  associated 
with  the  runoff. 

The  ISL  and  FCu  values  will  vary  depending  on  the  amount  of  work  that  has  been 
performed  in  the  area,  how  long  it  has  been  since  the  last  rain  event,  how  hard  it 
rains  and  for  how  long  (to  some  degree),  and  what  BMPs  are  used.  Because  of 
this,  it  is  best  to  collect  data  from  several  rain  events  to  get  a  good  average  or 
“typical”  value.  Alternatively,  a  worst-case  value  could  be  used  to  predict  the 
“worst  case”. 
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In  order  to  determine  representative  ISL  and  FCu  values  for  the  NASSCO 
demonstration,  storm  water  grab  samples  were  collected  from  a  number  of 
NASSCO  outfalls  shortly  after  many  rain  events.  These  results  represent  a 
single  point  on  an  outfall’s  pollutograph,  and  were  therefore  “back-calculated”  to 
obtain  representative  sediment  (i.e.,  ISL)  and  contaminant  loads  (i.e.,  FCu)- 
Storm  event  characteristics  were  obtained  by  purchasing  15-minute  rain  gage 
data  for  a  rain  gage  maintained  by  NOAA  at  Lindbergh  Field,  San  Diego,  CA. 
Estimates  of  ISL  and  FCu  were  made  from  five  rain  events  and  five  outfalls  and 
are  shown  in  Table  1 . 


5.1.2  Land  Use  Indexes 

PSRM-QUAL  allows  for  four  types  of  land  use,  with  each  area  expected  to  have 
different  levels  of  sediment  and  different  levels  of  pollutants.  In  the  PSRM-QUAL 
program  as  originally  written,  these  areas  are  called  Residential,  Mixed, 
Commercial,  and  Open/Non-Urban.  These  names  will  appear  on  the  POLC.DAT 
form  when  running  this  model;  the  names  cannot  be  changed  in  the  model. 
However,  in  order  to  use  this  PSRM-QUAL  model  for  shipyards  and  other  similar 
facilities,  the  four  types  of  land  use  can  be  re-defined  as  areas  specific  to  the 
facility  of  interest,  and  sediment  and  pollutant  quantities  characteristic  of  those 
areas  can  be  assigned  using  the  POLC.DAT  form.  Thus  Land  Use  Index  1, 
which  is  called  Residential  in  PSRM-QUAL,  can  be  considered  as  Material 
Storage  Area  for  use  by  a  shipyard,  with  the  corresponding  data  modified  in 
POLC.DAT. 

An  analysis  of  NASSCO  drainage  areas,  shipyard  activities  and  the  sediment 
and  copper  loading  test  results  suggested  three  “levels”  of  contamination  and  are 
summarized  in  Table  1.  Stormwater  test  results  from  two  of  the  outfalls  were 
relatively  similar  and  were  therefore  grouped  under  the  Land  Use  Index  name  of 
“Material  Storage  Areas.”  Stormwater  test  results  from  two  more  outfalls  were 
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also  relatively  similar  and  were  grouped  under  the  Land  Use  Index  name  of 
“Machine/Electrical  Shops.”  Stormwater  test  results  from  the  last  outfall  tested 
had  the  highest  levels  of  contaminants  and  its  Land  Use  Index  name  is 
“Maintenance  Areas.”  PSRM-QUAL  can  define  four  Land  Use  Indexes,  so  the 
fourth  Land  Use  category  has  been  reserved  for  “Diversion  Systems.”  No 
sampling  data  was  available  to  estimated  ISL  and  FCu  for  these  discharges. 

The  four  Land  Use  Indexes  defined  for  the  NASSCO  shipyard  and  their 
associated  ISL  and  FCu  values  are  presented  in  Table  1.  A  similar  Table  should 
be  generated  for  each  individual  facility  before  using  this  model. 


Table  1 .  Estimated  loading  values  for  different  Land  Use  Indexes  at  NASSCO. 


Material 

Storage 

Areas 

Machine/ 

Electrical 

Shops 

Maintenance 

Areas 

Diversion 

Systems 

PSRM-QUAL 
Land  Use 

Index 

1 

2 

3 

4 

ISL 

(meanisd) 

(g/curb-meter) 

10.716.4 

41.4130.8 

3531391 

NA 

ISL  (low  - 
high) 

(g/curb-meter) 

5-20 

5-90 

55  -  820 

NA 

Feu 

(meanisd) 
(g/100  g  TSS) 

2.5612.68 

3.4213.36 

1.7211.59 

NA 

FCu  (low- 
high) 

(g/100  g  TSS) 

0.1  -7.4 

0.4  -9.5 

0.4  -3.6 

NA 
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5.2  B.E.S.T. 


As  supplied,  this  NPDES  application  software  has  been  set  up  to  model  copper 
discharges  from  the  NASSCO  shipyard  locations  into  San  Diego  Bay.  In  order 
to  model  pollutant  discharges  other  than  copper,  or  to  model  discharges  into 
bodies  of  water  other  than  San  Diego  Bay,  the  software  will  have  to  be  modified 
or  re-programmed  by  a  person  skilled  at  doing  computer  programming.  Source 
code  has  been  provided  to  allow  this,  and  further  information  is  provided  in 
Appendices  E  and  F  to  the  NPDES  report. 

Discharges  from  other  locations  within  San  Diego  Bay  may  be  modeled  without 
programming  changes  by  following  the  procedures  described  below. 


5.2.1  Alternate  San  Diego  Bay  Locations 

NASSCO  node  locations  in  the  bay  are  602,  611,  622,  635,  651,  669,  686,  and 
709  as  used  throughout  this  tutorial.  In  order  to  run  the  B.E.S.T.  model  and 
simulation  for  other  locations  in  San  Diego  Bay,  it  is  necessary  to  select  different 
nodes  within  the  bay  grid.  The  nodes  for  any  given  location  on  San  Diego  Bay 
may  be  found  using  GMS  FEMWATER  as  described  in  Appendix  E  to  the 
NPDES  report. 

Once  the  new  nodes  have  been  determined,  PSRM-QUAL  should  be  run  just  as 
described  in  the  tutorial,  although  file  names  may  be  changed  to  correspond  to 
the  nodes  of  interest.  When  using  the  Data  Collection  option  from  the  main 
MEDLEY  menu  to  select  files  for  inclusion  in  the  B.E.S.T.  calculations  (Section 
4.4),  the  nodes  for  the  location  of  interest  should  be  entered  instead  of  the  nodes 
for  NASSCO  shipyard  given  in  the  tutorial.  Then,  after  the  Data  Collection  step 
is  complete,  two  files  need  to  be  edited  before  running  B.E.S.T.  These  two  files 
are  bay.2bc  and  bay.2tp. 
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Editing  bay.2bc  -  Navigate  to  the  folder  where  your  data  files  are  stored 
(E:\MEDLEY\Tutorial  as  used  in  this  tutorial).  Double  click  on  the  file  named 
bay.2bc  and  open  the  file  with  an  appropriate  word  processing  application,  such 
as  NOTEPAD.  The  file  is  several  pages  long,  and  the  first  page  will  be  similar  to 
that  shown  in  Figure  4  at  the  end  of  this  tutorial. 

About  halfway  down  the  page,  there  are  three  columns  of  information  that  begin 
with  “SSI”.  The  second  column  of  numbers  following  SSI  lists  the  node 
numbers;  the  third  column  lists  the  associated  curve  numbers.  Edit  the  node 
numbers  to  those  for  the  locations  where  the  discharges  will  enter  the  bay. 
Delete  lines  beginning  with  “SSI”  if  fewer  than  8  nodes  are  required.  Be  careful 
not  to  modify  any  line  spacing  or  any  other  lines  at  this  time.  An  example  of  a 
properly  edited  file  is  given  in  Figure  5  at  the  end  of  this  tutorial. 

Save  and  close  the  file. 

Editing  bay.2tp  -  Navigate  to  the  folder  where  your  data  files  are  stored 
(E:\MEDLEY\Tutorial  as  used  in  this  tutorial).  Double  click  on  the  file  named 
bay.2tp  and  open  the  file  with  an  appropriate  word  processing  application,  such 
as  NOTEPAD.  The  file  is  several  pages  long,  and  the  first  page  will  be  similar  to 
that  shown  in  Figure  6  at  the  end  of  this  tutorial. 

About  halfway  down  the  page,  there  are  three  8-line  sections  of  information  that 
begin  with  “SSI”,  “SS2”,  and  “SS3”.  The  second  column  of  numbers  following 
each  SS  number  lists  the  node  numbers;  the  last  column  in  each  section  lists  the 
associated  data  set  numbers  (1-24).  Edit  the  node  numbers  to  those  for  the 
locations  where  the  discharges  will  enter  the  bay.  Delete  the  appropriate  lines 
beginning  with  “SSI”,  “SS2”,  and  “SS3”  if  fewer  than  8  nodes  are  required,  and 
then  renumber  the  data  set  numbers.  Be  careful  not  to  modify  any  line  spacing 
or  any  other  lines  at  this  time.  An  example  of  a  properly  edited  file  is  given  in 
Figure  7  at  the  end  of  this  tutorial. 


C-50 


Save  and  close  the  file.  Proceed  with  running  B.E.S.T.  as  described  in  Section 
4.4. 


5.3  ECORISK 

The  ECORISK  software  calculates  two  main  pieces  of  information:  the  average 
copper  concentration  (and  standard  deviations)  in  the  environment/  bay  which 
was  modeled  and  to  which  an  organism  is  exposed,  and  the  risk  of  exposure  of 
an  organism  to  copper  concentrations  above  its  LC50  for  copper.  The  copper 
concentration  can  be  further  broken  down  into  Space  Averages,  Time 
Averages,  and  Overall  Averages. 

Concentration  Statistics 


Space  Average  -  For  the  space  average,  the  copper  concentrations  in  the  input 
file  are  averaged  over  all  points  listed  for  a  certain  time.  As  an  example, 
consider  the  following  sample  data  set. 


Time 

Period 

X  value  of 
point 

Y  value  of 
point 

Concentrations 

0.0 

minutes 

0 

0 

2 

1 

1 

3 

2 

1 

1 

30.0 

minutes 

0 

0 

4 

1 

1 

7 

2 

1 

3 

The  space  average  is  determined  by  the  following  calculations. 

The  logs  of  all  the  concentration  values  for  the  first  time  interval  are  averaged: 
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Avg(0.0)=M21±jo|3I±loam  = 


.2593 


The  logs  of  all  the  concentration  values  for  the  next  time  interval  are  averaged: 


Avg  (30.0)  -  l09<4>  *  '°93<7>  *  '°g<3)  - 


.6414 


Calculations  continue  in  this  manner  until  all  concentration  averages  have  been 
calculated. 


Time  Average  -  For  the  time  average,  the  copper  concentrations  in  the  input  file 
are  averaged  for  each  x,y  location  over  all  time  periods.  Using  the  sample  data 
set  as  listed  in  the  above  discussion,  the  time  average  is  determined  by  the 
following  calculations. 

The  average  of  point  (0,0)  is  determined  by  averaging  the  logs  of  the 
concentrations  for  that  point  for  all  times: 


The  average  of  point  (1,1)  is  determined  by  averaging  the  logs  of  the 
concentrations  for  that  point  for  all  times: 


Avg(i,i)  =  M3)±MZ)  = 


.6611 
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The  average  of  point  (2,1)  is  determined  by  averaging  the  logs  of  the 
concentrations  for  that  point  for  all  times: 


Avg  (2,1)  = 


log(1)  +  log(3)  _ 
2 


.2386 


Calculations  continue  in  this  manner  until  the  time  averaged  concentration  for  all 
points  have  been  calculated. 

Overall  Average  -  The  overall  average  is  found  by  averaging  the  logs  of  the 
concentrations  for  all  x,y  locations  and  for  all  time  periods  listed  in  the  input  file. 
Again  using  the  above  sample  data  set,  the  overall  average  is  determined  by  the 
following  calculation. 


Avg  (overall)  =  '°9<2)  -  log<3)  ^  log<1 )  +  log<4)  +  log<7)  -e  log(3)  =  45Q4 


Risk 


Risk  is  found  by  performing  a  statistical  calculation  on  the  concentration 
averages  and  standard  deviations  found  during  the  Concentration  Statistics 
calculations  described  above.  The  risk  is  mathematically  defined  as  the  area 
under  a  section  of  the  curve  provided  by  the  following  equation: 
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Probability 


Where  the  o  is  the  standard  deviation  and  can  be  defined  as: 


o(x1  ...xN) 


Z  (xj-p)2 


And  (i  is  the  mean  of  samples  xi  through  xN. 


Log  [Cu] 


The  integration  of  the  function  uses  the  trapezoidal  method  algorithm.  This 
method  approximates  a  true  integration  in  the  manner  used  in  this  program.  The 
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acute  and  chronic  copper  risk  criteria  (LC50)  entered  in  the  database  for  each 
organism  determine  the  lower  bound  of  the  integration.  Because  the  function 
curve  describes  the  range  of  copper  concentrations  to  which  the  organism  may 
be  exposed  over  time  and  space,  integrating  from  this  lower  bound  (LC50) 
concentration  to  a  point  beyond  the  end  of  the  curve  (infinity)  gives  the  risk  of 
exposure  of  the  organism  to  copper  concentrations  which  exceed  the  respective 
LC50s. 
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TABLE  1 

Data  for  Rain  Event  #1 


Zero  Time:  2/19/2000,  12:01:00AM 
Rain  Event  #1  Time:  2/19/2000,  3:00:00PM 


Parameter 

File  Name 

o 

CD 

CD 

622  1 

CO 

CD 

LO 

CD 

V  699 

V  989 

709_1 

Time  Parameters 

HYDTI 

10 

10 

10 

10 

10 

10 

10 

10 

HYDNPT 

16 

16 

16 

16 

16 

16 

16 

16 

Rainfall  Parameters 

RFNPT 

6 

6 

6 

6 

6 

6 

6 

6 

Rainfall  Pt  #1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Rainfall  Pt  #3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Rainfall  Pt  #4 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

Rainfall  Pt  #5 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #6 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Subarea  Data 

AREA 

2.2 

m 

2.6 

9 

2.1 

4.3 

m 

16.6 

LENGTH 

750 

400 

250 

400 

400 

400 

350 

550 

SLOPE 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

FRIMP 

1 

1 

1 

1 

1 

1 

1 

1 

MSL 

500 

500 

500 

500 

500 

500 

500 

500 

ISL 

7.3 

13.4 

42.2 

42.2 

42.2 

42.2 

40.6 

13.4 

Pollutant  Factors 

Cu,  Commercial 

2.99 

2.12 

4.46 

2.37 

4.46 

4.46 

4.46 

2.12 
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TABLE  2 

Data  for  Rain  Event  #2 


Zero  Time:  2/19/2000,  12:01:00AM 
Rain  Event  #1  Time:  2/23/2000,  6:00:00PM 


Parameter 

File  Name 

602  2 

61 1_2 

622  2 

635_2 

651_2 

6  699 

6  989 

6  60Z 

Time  Parameters 

HYDTI 

15 

15 

15 

15 

15 

15 

15 

15 

HYDNPT 

30 

30 

30 

30 

30 

30 

30 

30 

Rainfall  Parameters 

RFNPT 

8 

8 

8 

8 

8 

8 

8 

8 

Rainfall  Pt  #1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #4 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #5 

0 

0 

0 

0 

0 

0 

0 

0 

Rainfall  Pt  #6 

0 

0 

0 

0 

0 

0 

0 

0 

Rainfall  Pt  #7 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Rainfall  Pt  #8 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Subarea  Data 

AREA 

2.2 

m 

2.6 

9 

2.1 

4.3 

m 

16.6 

LENGTH 

750 

400 

250 

400 

400 

400 

350 

550 

SLOPE 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

FRIMP 

1 

1 

1 

1 

1 

1 

1 

1 

MSL 

500 

500 

500 

500 

500 

500 

500 

500 

ISL 

7.3 

13.4 

42.2 

42.2 

42.2 

42.2 

40.6 

13.4 

Pollutant  Factors 

Cu,  Commercial 

2.99 

2.12 

4.46 

2.37 

4.46 

4.46 

4.46 

2.12 
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Figure  4 

Sample  Bay.2bc  File  Before  Editing  Nodes 


bay 

WM52P2BC 

Tl 

T2 


T3 

Saudie<go_200 

^  BAY  ONLY i 

OP1  12 

1 

moo  IRON 

0P2  1 

3  12  0 

1  -3  1  I LUMP  IPNTE 

igUAP.  IDIFF  I ALLOW  I MODEL 

IQUASI 

0P3  0-5 

0,5  1.0 

U  OXE  CM I 

QP4  1 

1.0 

IEIGEM  OG 

OPS  -1 

0.0  □ . □ 

ISH  ANGLE 1 

ANGLE2 

1PI  6  200  liOa-4  1.0e-3  l.Cle-4  O.OOQ1  0.001  NUTTER  N PITER  TOLBH  TOLD 


V  V_CUT  FWSR  A  ecu 


PT1 

1  I 

MPl 

1  0. 

01  0.0 

0.0 

HP2 

1  1 

1000- 

0 

TCI 

2592000 .000 

■13200 

OC1 

0  2160 

OC2  2  1 

KPftO(3) 

2  0 

OC3 

H OPT 

0  0 
SCDSK 

1060 

OCi  2  1 

K.SAVE  (  3  ) 

2  0 

OBI 

1 

1  - 

1 

OBI 

2 

1  - 

1 

OBI 

3 

1  - 

1 

OBI 

4 

1  - 

1 

OBI 

5 

1  - 

1 

GBl 

€ 

1  - 

1 

RSI 

$02 

2 

SSI 

611 

3 

SSI 

622 

4 

SSI 

635 

5 

SSI 

651 

6 

ssi 

669 

■j 

SSI 

636 

8 

SSl 

709 

9 

ICH 

0  0 

.  OdO 

ICU 

ICS 

0  0 
□ 

.0e0  0. 

OeO 

KYI 

-1.0 

1 

2  0 

1 .200 

0  0 

NXfcf  IDETQ 

KHAT  N  E-XX  E-YY  E-XY 
ITUNIT  1LUNIT  PJiO 

6G  4320  60  360  12  TMAX  PELT 

lJOPT  kprt 

MSELT  KPF.OUj  XPROraj 
IF  JUE 

KEiELT  K5AVEUI1  !t  SAVE  |  2  i 


-l.D  .QOOQE+O0 

XY1  2  90  0  0  0  0  Curve  no.  2  with  90  points  to  be  applied  tci  riorln  -602 
G  0.00000 
50940  0.00000 

50940.01  0.00566 

51540  0.00560 

51540.01  0.03115 

52140  0.03115 

52140.01  0.05663 
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Figure  5 

Sample  Bay.2bc  File  After  Editing  Nodes 


WKS2D2BC 


bay 


T1 

T2 

T3  Sarxdi<3gp_200  fPftV  OHLYl 

OPI  12  1  KHOD  IKCTO 

OP2  1  3  12  0  1-3  1  ILL1NF  IPWTS  IQDAR.  3DIFF  XAIiLXWf  I MODEL 

IQUiiSl 

opj  a. 5  a. 5  i,a  w  oke  ohi 

QP4  1  1-0  tElGEM  GG 

OPE.  -1  a.O  0,0  IEK  ANGGEl  AHCLE2 

3 Pi  6  200  l.De-4  1 . Oe- 3  L.OeS-4  0,0001  0,001  NN3TER  HPITER  T0L3K  T0L3 

V  V_CLrr  FHSR  A  CCD 


PTl  1  1 

hpi  i  o.ot  o,o  o.o  o.o 

HF2  I  1  1000 . 0 

"TCI  2  532  000. 000  13200,00 

OC1  0  2160 

OC2  2  1  2  0 

QC3  0  0  1080 

J?QPT  kOSX 


HXW  EDETO 

DHAT  H  E-XX  E-YTf  E-XY 
ITUHET  ILUWIT  ELKO 

60  4320  60  360  12  TMAX  DELT 

JQPT  KFAT 

KSELT  EPJto  (11  K  PRO  ( 2  :■ 

iriLE 


QC4  2130 
KEAVE-13) 

OBI  1  1  -X 

OBI  2  1  -X 

OBl  3  1  -X 


ES  EXT  KSAVE \ 1  I  KSAVE ( 2 ) 


C'Bl  4  1  -X 


OBl  5  1  -X 

OBl  6  1  -X 


SSI  SIX  2 


551  522  3 

551  535  4 

SSI  551  5 

SSI  559  6 

ICH  0  0  - DdO 


ICU  D  0. 0*0  D.Oesg 


ICS  0 

XYl  X  2  D  o  0  Q 


-1.0  1.200 

-1.0  -DOtJOE^-DO 


XY1  2  90  D  O'  a  0  Curv'e  no.  2  'with  90  pniqtp  t-g  Iki  flppli-gd  to  Tltd^  511 
0  0 , 0  0  □  DO 

22X40  D,0oadD 
22140,01  0,0X942 

22740  0.01982 

22740- OL  0,11044 
23J40  0.11044 


33340,01  0.14153 

23940  0.1415B 


23940,01  0-10194 

24540  0,30194 
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Figure  6 

Sample  Bay.2tp  File  Before  Editing  Nodes 


WMS2D2TP 

Tl 

T2 

T3 

0P1  1  1 

0P2 
DF3 
QPd 
I  Pi 
PT1 
MPl 
SSI 
SSI 


SSI 

€22  1 

3 

SSI 

615  1 

d 

SSI 

€51  1 

5 

SSI 

669  1 

€ 

SSI 

€86  1 

7 

SSL 

709  1 

S 

S£2 

602  1 

1 

9 

S52 

€11  1 

1 

1C 

SS2 

622  1 

1 

11 

SS2 

€3  5  1 

1 

12 

SS2 

651  1 

1 

13 

SS2 

€69  1 

1 

14 

SS2 

6&6  1 

1 

15 

SS2 

709  1 

1 

16 

SS3 

€02  1 

1 

1 

1 

SS3 

611  1 

1 

1 

1 

$53 

€22  1 

1 

1 

1 

SSl 

635  1 

1 

1 

1 

SS3 

651  1 

1 

l 

1 

S53 

€69  1 

1 

1 

1 

S53 

65  0  1 

1 

1 

1 

SS3 

709  1 

1 

1 

1 

ONI 

1  0 , IDO 

0H2 

1  1 

2 

1  1 

QN2 

2  2 

3 

1  1 

ON2 

3  3 

4 

1  1 

ON2 

4  4 

5 

1  1 

GK2 

5  5 

6 

1  1 

OH1 

1  1 

2 

1  1 

1 

OK3 

2  2 

3 

1  1 

1 

OKI 

3  3 

4 

1  I 

1 

OWl 

4  4 

5 

1  I 

1 

ON3 

5  5 

6 

1  1 

1 

ONd 

1  l 

2 

1  l 

1 

ONd 

2  2 

3 

1  1 

1 

ONd 

3  3 

d 

l  1 

1 

ONd 

4  4 

5 

1  1 

1 

ONd 

5  5 

6 

1  I 

1 

Nt-IAT  L  DISP  T  DISP  DIFP 


17 

IS 

IS 

20 

21 

22 

21 

24 


1  1 
1  1 
1  1 
1  1 
1  1 


Bay 


1  1  11 
0.5  0.5 

1  1,0 
50  200  1 
1  1 

1  O.QdC 
€02  1 
611  1 


IDCtfEM  IP3EP 
1  ILUNPT  IPHTST  1QUART  I  ADAPT 

1.0  WT  Omet  Omit 

IEIGENT  GGT 

0e-4  1.0e-4  HHITERT  NPITERT  TOLaC  tOXjES 
Mivr:'  i  DEfQT 
O.OdO  5,230 

1 

2 
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Figure  7 

Sample  Bay.2tp  File  After  Editing  Nodes 


WMS2D2TP 
Tl 
T2 
T3 
OP1 
OF2 
0F3 
QP4 
I  PI 
PTl 


1 

1 

0 , 5 
1 


11 

0,5 

1,0 


1 

1.0 


Bay 


:  DC  HE>1  IPSEP 

ILUMFT  IPhTST  1 QUART  LAD APT 
WT  OMET  OMIT 
iTJEOEMT  GOT 


5  D  200  l.Ce-4  1.0e-4  HNITERT  NPITE£T  TOL&C  TOLBS 


1  1 


MPl 

I  0 

,  OdO 

0 

.  OdO 

5 , 2d0 

SSI 

511 

1 

1 

SSI 

522 

1 

2 

SSI 

535 

l 

3 

SSI 

551 

1 

4 

SSI 

5S9 

1 

5 

SS2 

511 

l 

1 

6 

332 

522 

1 

1 

7 

SS2 

535 

1 

I 

S 

S52 

551 

1 

1 

9 

SS2 

569 

l 

1 

10 

SS3 

511 

1 

1 

1 

1 

11 

533 

522 

1 

1 

1 

1 

12 

SS3 

535 

1 

1 

1 

1 

13 

SS3 

551 

l 

1 

1 

l 

1  4 

SS3 

569 

1 

1 

1 

1 

15 

qni 

L  > 

D.lPO 

ON2 

I 

1 

2 

1 

1 

ON  2 

2 

2 

3 

1 

1 

0N2 

3 

3 

4 

1 

1 

QN2 

4 

4 

5 

1 

1 

ON  2 

5 

5 

6 

1 

1 

ON3 

1 

1 

2 

1 

1 

1 

ON  3 

2 

2 

3 

1 

1 

1 

GN3 

3 

3 

4 

1 

1 

1 

ON  3 

4 

4 

5 

1 

1 

I 

ON3 

5 

5 

6 

1 

1 

I 

ON  <3 

1 

1 

2 

1 

1 

1 

1 

1 

ON  6 

2 

2 

3 

1 

1 

1 

1 

1 

ON4 

i 

3 

4 

1 

1 

1 

1 

1 

GN4 

4 

4 

5 

1 

1 

1 

1 

1 

o  m 

5 

5 

6 

1 

1 

1 

1 

1 

ICI 

0 

IC2 

1  0 

.  GDI 

IC3 

1  1 

1 

0, 

0d0 

IC4 

1  1 

l 

1 

0. 

0DC 

ICS 

1  0 

.  CDS 

IC6 

1  1 

10C 

).0d0 

Id 

1  1 

l 

Or 

0P0 

NXrfT  IDETQT 

MMAT  L-DISP  T-DISP  DIFF 


LIXONC 


xv i  i  so  o  d  a  o 

0  0.00000000 


time  vs .  chemical  maEE 
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APPENDIX  D  -  TECPLOT  SETUP  INSTRUCTIONS 


APPENDIX  D  from  A  Shipyard  Program  for  NPDES  Compliance,  NSRP  Task 
N 1-95-02,  Applied  Research  Laboratory,  State  College,  PA,  July  2000 


INSTRUCTIONS  TO  RUN  DISPERSION  SIMULATION  IN  TECPLOT 


When  B.E.S.T.  is  run,  it  creates  data  sets  that  contain  copper  concentrations  in 
the  water  column  and  in  the  sediment  bed  at  all  locations  in  the  bay/estuary  over 
time.  These  data  sets,  bay  c.tec  and  bay  s.tec,  can  be  visualized  in  a  time- 
lapse  animation  using  TECPLOT  software,  available  form  Amtec  Engineering, 
Inc.  In  order  to  get  started  in  viewing  the  B.E.S.T.  data  in  a  pollutant  dispersion 
animation,  brief  instructions  have  been  provided  below  to  set  up  basic 
parameters  in  TECPLOT  to  view  the  BEST  data  sets.  Further  details  on  using, 
modifying  and  defining  attributes  of  the  graphic  display  may  be  found  in  the 
TECPLOT  User’s  Manual  or  On-line  Help. 


Open  or  run  TECPLOT  Version  7.0,  7.5  or  8.0  for  MS  Windows. 

Load  data  file  - 

Select  Load  Data  File  from  the  File  Menu.  When  the  Load  Data  Files 
dialog  box  pops  up,  be  sure  that  the  Load  Data  Files  of  Type  box  is  set  to 
see  All  Files  (*.*).  Browse  until  you  find  the  data  file  you  want  to  load, 
which  should  have  a  .tec  file  extension.  This  will  be  found  in  the  MEDLEY 
folder  under  the  folder  name  you  selected  to  run  the  data  set  of  interest. 
For  example,  select  Medley\Tutorial\Bay_c.tec.  Load  the  file.  A  message 
will  appear  “Attempting  to  convert  ASCII  datafile  to  binary”.  Wait  a  few 
minutes  while  it  performs  this  function. 

You  will  get  a  graphic  detail  of  San  Diego  Bay  (or  the  body  of  water  you 
have  programmed  into  the  software),  with  the  mesh  grid  and  a  set  of  axes 
evident.  It  will  cycle  through  a  variety  of  colors  until  it  reaches  the  end  of 
its  data  set  (<1  minute),  or  until  you  left  click  the  mouse  to  stop  it  at  any 
point. 


Now  you  must  set  up  the  display  panel  to  view  the  animation  data  properly. 

Remove  the  axes  - 

Select  Edit  from  the  Axis  menu.  In  the  Edit  Axis  dialog  box,  deselect  the 
Show  X-Axis  check  mark.  Then  select  the  Y-Axis  button,  and  deselect  the 
Y-Axis  check  mark.  Now  Close  the  Edit  Axis  dialog  box.  Select  Redraw 
or  Redraw  All  button  and  the  Axes  will  disappear. 
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Turn  off  mesh  - 

Select  Mesh  Attributes  from  the  Field  menu.  The  Mesh  Attributes  dialog 
box  will  appear.  Select  all  lines  of  data  in  the  white  part  of  the  box.  This 
can  be  done  by  highlighting  the  first  line  of  data,  then,  while 
simultaneously  pressing  the  CTRL  and  SHIFT  keys  on  the  keyboard,  page 
down  through  the  data  until  the  last  data  entry  is  reached.  Then  click  on 
the  last  data  entry.  All  data  entries  should  be  highlighted.  Now  click  on 
the  Mesh  Show  column  title  button  and  select  No.  The  Mesh  Show 
column  for  each  data  entry  will  change  to  “No”  and  several  of  the  mesh 
attributes  such  as  color  will  no  longer  show.  Close  the  Mesh  Attributes 
dialog  box. 

On  the  main  screen  in  the  upper  left-hand  corner,  click  to  deselect  (turn 
off)  the  Mesh  check  mark.  Click  to  select  (turn  on)  the  Contour  check 
mark. 

Select  contour  variable  - 

Select  Contour  Variable  from  the  Field  menu.  Click  on  the  scroll  down 
arrow  to  see  all  selections  and  select  either  the  Cl  variable  (concentration 
in  the  water  column)  or  the  CB1  variable  (concentration  in  the  interstitial 
sediment  bed  water).  Close. 

Select  contour  plot  type  - 

Select  Contour  Attributes  from  the  Field  menu.  The  Contour  Attributes 
dialog  box  will  appear.  Select  all  lines  of  data  in  the  white  part  of  the  box 
(they  may  still  be  highlighted).  This  can  be  done  by  highlighting  the  first 
line  of  data,  then,  while  simultaneously  pressing  the  CTRL  and  SHIFT 
keys  on  the  keyboard,  page  down  through  the  data  until  the  last  data  entry 
is  reached.  Then  click  on  the  last  data  entry.  All  data  entries  should  be 
highlighted.  Now  click  on  the  Contour  Plot  Type  column  title  button  and 
select  Flood.  The  Contour  Plot  Type  column  for  each  data  entry  will 
change  to  “Flood”.  Close  the  Contour  Attributes  dialog  box. 

Click  on  the  Redraw  All  button  and  wait  a  minute  or  so  while  the  view  is 
redrawn.  A  solid  colored  map  of  the  bay  will  appear  (no  mesh)  and  you 
may  or  may  not  see  various  colored  areas  appear  and  disperse  or 
disappear  as  the  simulation  is  run. 

Select  contour  levels  - 

This  is  the  most  difficult  step  to  describe,  and  will  require  some  trial  and 
error  on  the  user’s  part  to  find  the  best  contour  levels  to  display  the  range 
of  data. 

Determining  the  approximate  concentration  range  -  One  way  to  get  an 
idea  of  the  range  of  concentrations  for  the  data  set  is  to  select 
Spreadsheet  from  the  Data  menu.  A  spreadsheet  of  the  data  for  the  first 
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time  interval  will  appear.  By  paging  down  through  the  data,  looking  at  the 
concentrations  for  either  Cl  or  CB1  (depending  on  which  data  set  you  are 
currently  plotting),  you  may  see  the  ranges  of  data  for  the  data  file  you  are 
currently  viewing.  Jot  these  ranges  down.  Select  several  different  time 
intervals  and  review  the  data  for  each,  jotting  down  the  extremes  (highest 
and  lowest  concentrations)  of  the  data  seen;  for  some  time  intervals  all 
values  may  be  zero.  Close  the  Datasheet. 

Reviewing  the  numbers  you  may  see  a  range  of,  for  example,  1e-10  to  1e- 
06.  These  could  then  be  used  as  starting  points  for  setting  up  the  range  of 
contour  levels  to  be  displayed. 

Viewing  a  rough  order  of  magnitude  simulation  -  Select  Contour  Levels 
from  the  Field  menu.  Click  on  the  New  Levels  button.  Enter  the  lowest 
concentration  value  seen  (in  the  review  above)  in  the  Minimum  Level  box 
(format  1  e-1 0),  and  the  highest  concentration  seen  (in  the  review  above) 
in  the  Maximum  Level  box.  Enter  a  number  of  levels;  usually  8  or  10  is 
enough,  and  you  may  want  to  select  a  number  that  is  easily  divided  by  the 
number  of  orders  of  magnitude  represented  in  your  data  set.  For 
example,  if  you  have  4  orders  of  magnitude,  then  8  would  be  a  good 
number  of  levels  to  select.  Click  on  the  Exponential  Distribution  radio 
button.  Click  the  Okay  button. 

The  new  levels  will  be  displayed  in  the  Contour  Levels  dialog  box  and 
should  be  approximately  evenly  divided.  Close  the  Contour  Levels  dialog 
box.  Click  on  the  Redraw  All  button  to  view  the  simulation. 

Checking  that  all  data  is  included,  and  fine  tuning  the  simulation,  Low 
concentration  data  -  This  is  where  the  trial  and  error  comes  in.  In  order  to 
make  sure  you  are  not  missing  low  concentration  data,  select  Contour 
Levels  on  the  Field  menu  again.  Change  the  levels  to  cover  the  range  of 
the  2  or  3  orders  of  magnitude  below  the  previously  entered  minimum 
value.  For  example,  if  1e-10  was  your  minimum  level  before,  then  change 
the  minimum  and  maximum  ranges  to  1e-13  to  1e-10.  Select  Exponential 
Distribution  radio  button  again.  Close,  Redraw  All,  and  view  the 
simulation  again. 

If  all  you  see  in  the  simulation  is  red  (or  whatever  color  you  have  selected 
for  your  highest  concentration  level),  then  all  data  in  your  data  set  is  above 
the  minimum  level  previously  selected,  and  that  is  the  proper  setting  for 
the  minimum  level.  If  however  a  lot  of  other  colors  (concentrations  below 
the  previously  set  minimum)  are  seen,  then  the  minimum  should  be  set 
lower.  Reset  the  Contour  Levels  to  reflect  this  fact  and  try  again. 
Continue  this  process  until  the  proper  minimum  level  is  identified. 
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High  concentration  data  -  Repeat  the  sequence  above  to  make  sure  you 
are  not  missing  any  high  concentration  data.  Change  the  levels  to  cover 
the  range  of  the  2  or  3  orders  of  magnitude  above  the  previously  entered 
maximum  value.  For  example,  if  1e-6  was  your  minimum  level  before, 
then  change  the  minimum  and  maximum  ranges  to  1e-3  to  1e-6.  Select 
Exponential  Distribution  radio  button  again.  Close,  Redraw  All,  and  view 
the  simulation  again. 

If  all  you  see  in  the  simulation  is  blue  (or  whatever  color  you  have  selected 
for  your  lowest  concentration  level),  then  all  data  in  your  data  set  is  below 
the  maximum  level  previously  selected,  and  that  is  the  proper  setting  for 
the  maximum  level.  If  however  a  lot  of  other  colors  (concentrations  above 
the  previously  set  maximum)  are  seen,  then  the  maximum  should  be  set 
higher.  Reset  the  Contour  Levels  to  reflect  this  fact  and  try  again. 
Continue  this  process  until  the  proper  maximum  level  is  identified. 

Setting  the  proper  concentration  range  -  Now  select  Contour  Levels  from 
the  Field  menu  one  more  time.  Enter  your  proper  minimum  and  maximum 
levels,  readjust  the  number  of  levels  as  desired,  select  the  Exponential 
Distribution  radio  button,  Close,  Redraw  All  and  view  the  simulation  again. 
This  simulation  now  scans  the  entire  range  of  data  in  your  data  set  and 
gives  an  accurate  representation  of  the  data  generated  by  the  BEST 
model. 

Select  contour  legend  - 

Select  Contour  Legend  from  the  Field  menu.  Click  on  the  Show  Contour 
Legend  check  mark  box.  Other  legend  attributes  may  be  selected  or 
modified  to  the  user’s  preference.  Close  the  Contour  Legend  dialog  box. 
Click  on  the  Redraw  All  button  and  wait  a  minute  or  so  while  the  view  is 
redrawn.  The  Legend  will  appear. 

Label  contour  legend  - 

Click  on  the  Ab  button  under  Tools  on  the  left  side  of  the  screen  to  select 
the  text  drawing  tool.  Move  the  tool  to  the  area  above  the  legend.  Left 
click  the  mouse  at  the  starting  point  for  the  text.  When  the  mouse  button 
is  released  the  Text  dialog  box  will  appear.  Type  in  the  legend  heading  as 
desired  (units  are  kg/cubic  meter).  Modify  other  text  attributes  as  desired 
and  Close  the  Text  dialog  box.  The  Legend  label  will  appear. 

The  text  can  be  moved  to  another  location  by  clicking  on  the  text  and  then 
dragging  it  to  a  new  location.  Double  clicking  on  the  test  will  bring  up  the 
Text  dialog  box  to  edit  the  text  other  its  attributes. 

Additional  text  labels  can  be  added  according  to  user’s  preference,  for 
example  to  label  ocean  boundary,  or  important  locations  such  as 
shipyards,  harbors,  city  docks,  etc. 
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Click  on  the  Redraw  All  button  to  restart  the  animation  with  all  the  modified 
parameters  in  place.  Clicking  the  mouse  at  any  time  while  the  animation 
is  running  will  stop  the  animation  at  that  point. 

A  sample  final  screen  of  a  B.E.S.T./TECPLOT  animation  in  San  Diego 
Bay  is  illustrated  below. 


Saving  the  file  and  the  layout. 

Save  layout  - 

The  layout  can  be  saved  to  use  when  opening  future  data  files.  To  save 
the  layout,  select  Save  Layout  As  from  the  File  menu.  Name  and  save  as 
usual. 

When  opening  a  new  data  file,  Select  Open  Layout  from  the  File  menu 
and  select  the  saved  layout.  Then  select  Load  Data  Files  from  the  File 
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menu  and  open  the  desired  data  file.  Note  that  the  Contour  Levels  will 
need  to  be  edited  for  a  new  data  set  in  order  to  see  all  the  data  in  an 
appropriate  manner. 

Save  data  set  with  layout  - 

To  save  the  data  set  with  the  layout,  select  Write  Data  File  from  the  File 
menu.  Click  Okay  on  the  Data  File  Options  dialog  box.  The  Write  Data 
File  dialog  box  will  appear.  Name  and  save  as  a  file  with  the  .pit  file 
extension.  The  layout,  labels,  legend,  contour  levels,  etc  will  be  save  with 
the  data  set  for  quick  and  easy  viewing  at  a  later  date. 
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APPENDIX  E  -  GMS  FEMWATER  INSTRUCTIONS 


APPENDIX  E  from  A  Shipyard  Program  for  NPDES  Compliance,  NSRP  Task  Nl-95-02,  Applied 
Research  Laboratory,  State  College,  PA,  July  2000 


GMS  FEMWATER  INSTRUCTIONS 


GMS  FEMWATER  is  a  3D  finite  element,  saturated/unsaturated,  density  driven, 
flow  and  transport  model  which  includes  a  graphical  interface.  It  was  written  by 
Dr.  G.  T.  Yeh  and  the  U.S  Army  Engineer  Waterways  Experiment  Station.  For 
the  NPDES  modeling  programs  presented  here,  the  GMS  FEMWATER  software 
is  needed  for  two  purposes  -  identifying  the  nodes  to  run  the  models  for  new 
locations  within/on  San  Diego  Bay,  and  for  installing  the  information  necessary  to 
adapt  these  models  to  different  bodies  of  water. 

Obtaining  GMS  FEMWATER 

The  GMS  FEMWATER  numerical  modeling  program  is  available  for  free  to  DoD, 
EPA,  and  DoE  personnel  and  to  DoD,  EPA,  and  DoE  contractors.  Information  on 
obtaining  the  program  is  available  at  the  following  Web  Site: 

http://chl.wes.army.mil/software/qms/qmsdl.htp 

The  program  can  be  downloaded  directly  from  the  Web  site,  and  a  demo  version 
is  available  to  anyone.  Also  available  at  the  site  are  forms  that  can  be  used  to 
register  your  DoD,  EPA,  DoE  affiliation  which  then  allows  full  use  of  all  software 
options.  Copies  of  these  registration  forms  are  included  at  the  end  of  this 
Appendix. 

Persons  or  organizations  that  are  not  affiliated  with  any  of  the  above  government 
departments  can  purchase  GMS  FEMWATER.  Contact  information  for  purchase 
is  also  available  at  the  Web  site  listed  above. 

Identifying  Nodes  and  x,y  locations  within  San  Diego  Bay 

Install  GMS  FEMWATER  on  your  computer. 

Using  Program  Manger  or  My  Computer,  navigate  to  the  file  location  where  you 
installed  GMS  FEMWATER. 

Click  on  the  GMS30  Application  file  name  to  begin  execution  of  the  software. 

The  following  screen  will  appear: 


E-1 


!*  i.:*,  si.i  M4 


Select  Open  from  the  File  menu,  and  navigate  to  the  MEDLEY  folder.  Double 
click  on  the  file  named  Bay  gms  to  open  it.  The  San  Diego  bay  grid  will  now 
appear  on  your  screen,  and  your  screen  will  look  like  the  following: 
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In  the  upper  left  hand  corner  of  the  screen,  select  and  click  on  the  2D  Mesh 
Module  button,  which  looks  like  this: 


If  desired,  select  the  Magnifier  button  in  order  to  zoom  in  closer  to  the  desired 
region  of  San  Diego  Bay.  The  magnifier  button  looks  like  this: 
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Click  and  drag  a  rectangle  to  zoom  in  on  the  desired  area.  Your  screen  will  now 
look  like: 
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Now  click  on  a  node  of  interest.  The  lower  left  hand  corner  of  the  screen  will 
display  an  ID  number  (755  in  the  example  below)  and  a  set  of  x  and  y  location 
coordinates  (12327.7  and  8192.1  in  the  example  below). 


The  x,y  coordinate  information  can  be  used  to  define  a  specific  region  of  interest 
when  doing  the  EcoRisk  model.  The  node  ID  can  be  used  to  identify  specific 
nodes  in  San  Diego  Bay  where  a  facility  might  be  located.  These  would  be  used 
for  entering  data  into  the  B.E.S.T.  model  for  a  facility  other  than  NASSCO  on  San 
Diego  Bay. 
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GMS  Request  Form 


Thin  form  is  in  Landed  for  uw;  by  US  jji)vi;rampil  personnel  for  the  express  purpose  ei  I" 
request  ing  copies  of  software  (portions  of  which  are  proprietary)  developed  through  a  joint  effort  of 
a  consortium  of  US  government  and  university  participants,  The  federal  consort iti in  agencies  arc; 

I  S  DEPARTMENT  OF  DEFENSE 
IS  EN  VI RO  N  M  ENT  At  I'kOT  EC  l  ION  I  fi  E  S( :  V 
US  DEPaR  L  MEN!  OF  F.NEROV 


OtiK  [iicuibtr^  uf  the  Federal  rurLsorlJiirn  nnn  use-  this  form  hi  request  the  software,  On¬ 
site  contractors  to  these  federal  agencies  arc  permitted  in  use  the  software  only  for  projects  directly 
funded  by  a  consortium  member  l  lie  lerm  "on-site  contractor"  means  that  the  contractor  must  be 
physically  located  at  a  site  owned  by  a  consortium  member  and  engaged  solely  m  US  government 
business.  Requests  for  software  by  contractors  must  be  made  by  a  representative  from  the  federal 
consort  him. 


INSTRUCTIONS 


In  Umincst  <,MS  For  DolVK PA/IfoK  Lse: 

1.  ["ill  out  Section  L  of  request  fomi 

2.  Fax  maxl  form  to  address  below 

3.  Download  GMS  from  Web  Site 

4.  Send  m  Security  String  to  obtain 

password 


To  Request  GMS  For  l>oD/EP  VDnF. 
Oo-Stlf  Con  tractor  Ibe; 

L  Fill  out  Sections:  l  &  2  (must  be  filled  out 
bv  DoD  liPA  Dof  requestor) 

2-  Fax- mail  form  to  address  below 

3.  Download  GMS  from  Web  Site 
4  Send  lej  Security  String  to  obtain  password 


To  Visit  Our  GMS  WER  Site  And, Or  Obtain  GMS: 

hti  p; 1  e  h  I  .wcs.army.  mil  so  ft  ware  gnu 

fai  Or  Mail  Completed.  GMS  Request  For  in  I  n: 

US  AF  Waterways  Fxpernnenl  Station 
Coastal  and  Hydraulics  Laboratory 
ATTN  CEWLS-CL-MG 
3909  3  Eads  Kerry  Road 
Vicksburg,  MS  1  BO-6199 
(60 1  |i  fi34-42$6  i.  voice ) 

(601 )  634-4208  (  fax) 
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3  formally  request  a  copy  nflhg  Department  of  Hdciiac  Croundwater  Model  iny  Syslom  (CMS) 
I  i'it  ihe  purpose  of  conducting  groundwater  -uinlyses  tor  consortium  members  of  (he  United  States 
Government-  The  fol  Sowing  m  formal  ion  is  provided  for  CMS  authorization 

Si,cciii|t  | :  Tn  b*  eriirvfHICECH]  hj  iMtVElKiV  DnE  Penan  nil  v»lii n  riqui^iing  trMS 

siccdnrH  1&i:  i  *  Iw  ennkpleletl  tiv  DotVEPArRoE  Pcrsemtfl  when  req  luvi  lie;  CftlS  paM^-end 

Ter  -i  ii  -siiiL1  coni  mi  nr. 


Section  1  Gevtfi^kinnL  Rcquo»lor  Jnlcrmawor 


Nainf: 


Fie  aw  check  nne:  J  DoD  _l  FPA  J  Dof 


T:lt<r 


Orynn,i^jnKin- 


Connplctc  Mailing  Address: 


Plturx  Number: 


Fix  Vumtser 


E-Mail  Address. 


Carrqhricr  Cwaliyundon  icpj  type,  RAVI,  OS|: 


Project  5iie  lu‘ulU(ion  s.i:ii.s 


Section  2  ■  On-Sire  t'orr,  «ror  JufiamunKsn, 


Nairrf. 


TilLe: 


Contractor'*  Orgutraatiun: 
Confine  Mailing  Addreii: 


Phwse  Nun'  tier: 


Fix  N  j  r— iL-;r 


I  '-|  _ii  '..L'.ll 


CarnjiidcrCimfaguniJtlnn  (epu  I  j.-  [--ij ,  RAM,  OSl: 


Contract  Len^r.li  lor <i  VIS  Use 


Prejoui  -Sno  Imrilljii.-in  Sat 

Specific  L.'sc  ol'C JMS  i~  FnfKl: 


I  uhiktll  nd  iJiil 1  ■:  Cup*  uftiMS  rci|LC>lcil  ■  II  <hi!v  he  lewd  by  dl3ii*i  US  Gavernmcnl  punonnel  who  arc  ■nnptayois 

ufone  of  the  fedcnil  emsorium  rncmFcrsor  by  a  cammium  member*  en-sitc  contractor  loaned  at  a  jotcrnmciu  owned  sue 
I  nl«i  understand  ch.u  CMS  may  not  be  used  on  any  rwtFcoraonium  funded  projects  by  on-f-rle  oomractors  jhuS  that  n  tt  il  : 
cuf  n  d  i  v  iwspcmnibilihr  pf  rhe  Wares-, v.iys  I  vperimen!  Swi rut  indisirih.uc  :  r.iri*  copies  MS  So  c epic*  of  the  prutrim  ■kill 
be  dixtnbakusiutiidr  my  msncdtalc  organizalicr.  by  me  or  anyone  in  my  organLuiion. 

USGov^t  Rqueftor4!  blanslurf:  |SartE 

GMS  Security  S-l r inu.  lit  knu^m: _ 
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For  more  information  about  the 
National  Shipbuilding  Research  Program 

please  visit: 

http://www.nsrp.org/ 

or 

http://www.USAShipbuilding.com/ 


